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Methods for mediating gene suppression by using factors that enhance RNAi' 

TECHNICAL FIELD 

The present invention is concerned with methods for enhancing gene 
suppression in cells and in particular it is concerned with improved methods for 
5 enhancing RNAi-mediated gene silencing hy manipulation of factors associated with 
RNAi. The present indention is also concerned with methods for identifying factors 
which down-regulate as well as those winch up-regulate RNAi . ft is also concerned 
with genetic constructs useful for enhancing or modulating ilencing and cells 
harbouring such constructs. 

10 BACKGROUND OF THE INVENTION 

The use of double-stranded RNA (dsRNA) to specifically interfere with gene 
expression, lias received considerable attention because of its demonstrated potency in a 
range of organisms, including some which have so far been genetically intractable. 
Termed RNA interference (RNAi), it has been implicated in viral defense, control of 

1 5 transpositional elements, genetic imprinting and endogenous gene regulation. It has 
been hypothesised to be the central mechanism in post-transcriptional gene silencing 
(PTGS), co-suppression, quelling, and antisense RNA-mediated gene suppression. One 
model that has been proposed is that dsRTsFA is fragmented, into 21-25 rtt species by 
dsRNA-sp i se and then 

20 dissociated and itee to attack homologous mRNA by RNA nuclease-mediated 

degradation. The application of this technique will greatly facilitate the dissection of 
gene function and the validation of genes involved in disease states. 

Recently at least twt differei ! rtrategit s have been undertaken to identify the 
cellular proteins composing a proposed multi-protein complex involved in the 

25 recognition of dsRNA and the activation of dsRNA-mediated gene interference. The 
first involves the use of classical chemical mutagenesis or msertional mutagenesis to 
isolate mutants completely defective for RNAi and cloning of the relevant genes using 
complementation. These studies hays been earned out in genetically tractable organisms 
such as plants, worms and fimgi. The genetic screens described involve the use of RNAi 

30 ^' ,! ich j f ; omplete. The mutagen* rodu< 

m utants in which the RNAi effect is completely reversed indicating the loss of a cellular 
factor (function) required for the RNAi effect. Thus these genetic screens would most 
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likely miss factors that have subtle effects or rate limiting or rate determining roles in 
RNAi 

The second strategy for finding key players in RNAi has involved the use of cell 
free assays. These in vitro ^constitution assays, on the other hand, identify' cellular 
5 factors that impact on RNAi outside of the cellular context and therefore the cellular 
role of these factors must always be tested. 

However, the major disadvantages of these strategies are that genes will not be 
identified if they are essential to the organism, nor will they directly identify gene 
activities which will enhance RNAi when overexpressed. 
10 Thus there is a need for models which can demonstrate a range of RNAi 

efficacies, with both increasing and decreasing quantitative activities being selectable. 
This would enable die identification of factors which can enhance or reduce the gene 
silencing effect, 

It is therefore an object of the present invention to overcome or at least 
1 5 ameliorate one or more disadvantages of the prior ait, or provide a useful alternative, 
SUMMARY OF THE INVENTION 
Through the use of a fission yeast model for the study of dsRNA-mediated gene 
silencing and in the search for factors involved in this process, it was surprisingly found 
that the natural level of RNAi activity can be enhanced by manipulating factors 
20 associated with RNAi activity or efficacy. Thus, it has been found that by increasing 

- < i ' tate levels of a target nucleic acid sequence in the presence of the same pool 
of tire corresponding ami sense sequence, or a part thereof, the antisense-mediated 
suppression was not only maintained, but enhanced. This is indicative of an RNAi -like 
mechanism of gene suppression. It has also been found that overexpression of certain 
25 sequences, named herein HNAi enhancing sequences (res), (also referred to herein as 
anti-sense enhancing sequences - aes), also had the ability to enhance RNAI. 

This ability of RN Ai acti vity to be enhanced in S. pombe provides a model 
system which enables the analysis of RNAi processes and the identification and study of 
factors which either up-regulate or down-regulate its activity. The system has been 
30 further used to identity RNAi enhancing gene sequences which increase PTGS efficacy 
when then esulttngp >tein 1 rtivities are augmented in vivo. The model used to 
exemplify the present invention and the methods described are also applicable to 
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teatmsnt of disorders in which gene expression requires mors effu < modulation of 
silencing. 

According to a first aspect there is provided a method for inhibiting the 
expression of a target nucleic acid in a cell, which .method comprises the steps of 
5 (i) elevating in the cell the level of an RNAi factor, and 

(ii) prior, concurrently with or subsequent to performing step (i), introducing into 
the cell a molecule which is, or gives rise to. an anti-sense nucleic acid directed toward 
at least a portion of the SKA transcript of the target nucleic acid, under conditions 
permitting the RNAi factor to increase tire degree to which the anti-sense nucleic acid 
10 inhibits express ion of the tar-get nucleic acid. 

According to a second aspect there is provided a method of increasing cellular 
susceptibility to anu-sense-niediaied inhibition of target nucleic acid expression, which 
method comprises elevating the level of an RNAi factor in a ceil that expresses said 
target nucleic acid, with the proviso that the cell is to have prior, concurrently or 
1 5 subsequently introduced thereinto a molecule which is, or gives rise to, an anti-sense 
nucleic acid directed toward at least a portion of the KNA transcript of the target nucleic 
acid under conditions permitting the RNAi factor to increase the degree to which the 
anti-sense nucleic acid inhibits expression of the target nucleic acid. 

According to a third aspect there is provided a method for treating a subject 
20 suffering from a disorder whose alleviation is mediated by inhibiting the expression of a 
target nucleic acid, winch method comprises the steps of 

(i) elevating the level of an RNAi factor in the subject's cells where the target 
nucleic acid is expressed, and 

(il) prior, concurrently with or subsequent to performing step (i). introducing info 
25 such cells a molecule which is, or gives rise to, an anti-sense nucleic acid directed 
toward at least a portion of the KNA transcript of the target nucleic acid, under 
conditions permitting the RNAi factor to increase the degree to which the anti-sense 
nucleic acid inhibits expression of the target nucleic acid, thereby treating the subject. 
According to a fourth aspect there is provided a method for inhibiting in a 
30 subject the onset of a disorder whose alleviation is mediated by inhibiting the 
pre n j t i 1 . v iich method comprises the steps of 
(i) elevating the level of an RNAi factor in the subject's cells where the target 
nucleic acid would be expressed if the subject were suffering from the disorder, and 
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(ii) prior, concurreatly with or subsequent to peril -s tnii tg step (i), introducing into 
such cells a molecule which is, or gives rise to, an anti-sense nucleic acid directed 
toward at least a portion of the RNA transcript of the target nucleic acid, under 
conditions permi tting the RNAi factor to increase the degree to which the anti-sense 
5 nucleic acid would inhibit expression of the target nucleic acid were such expression to 
occur, thereby inhibiting in the subject the onset of the disorder. 

According to a fifth aspect there is provided a method of determining whether 
inhibiting the expression of a particular target nucleic acid or the activity of its product 
may alleviate a disorder, which method comprises the steps of 
1 0 (i) el evating the level of an RNAi factor in a cell whose phenotype correlates with 
that of a cell horn a subject having the disorder; 

(ii) prior, concurrently with or subsequent to performing step (i), introducing into 
the cell a molecule winch is, or gives rise to, an anti-sense nucleic acid directed toward 
at least a portion of the RNA transcript of the target, nucleic acid under conditions 
1 5 permitting the RNAi factor to increase the degree to which the anti-sense nucleic acid 
inhibits expression of the target nucleic acid; and 

(hi) determining whether the cell's phenotype now correlates with that of a cell from 

a subject in whom the disorder has been alleviated or the disorder is not evident, 

thereby determining whether inhibiting the expression of the target nucleic acid or the 
20 acti vity of its product may alleviate the disorder. 

In a preferred embodiment he target m • ic id is an endogenous nucleic acid 

or a part thereof, but it may also be an exogenous sequence or part thereof. 

Preferably the level of the RNAi factor is elevated by introducing into the cell 

additional copies of, or agents which give rise to, the RNAi factor. It will be understood 
25 therefore that up-regulating the expression of an endogenous RNAi factor will also 

achieve the same result and is contemplated herein as part of the invention. 

Preferably the factor is selected from the group consisting of a gene, cDNA, 

RNA or a protein. More preferred is a factor selected from the group consisting of a 

transcriptional acti vator of the antisense nucleic acid, a component of the RNAi 
30 machinery, a component of the DNA replication machinery and a component of 

trans!* ry. Ev en more preferred is an RNA factor which is an res 

sequence. 
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Also for preference the factor caa be selected from the group consisting of ATP- 
dependent RNA helicase (dedl), transcriptional factor thil, DNA replication protein 
sna41 , ribosomal protein L7a, elongation factor EF-Tti mid resl as herein defined. 

Further preferred factors are represented by the res sequences which are 
5 obtainable from transformed cells designated herein Wl 8, W20, W21, W23, W27, W2S, 
W30, W32 and W47. 

Preferably the res sequence is represented by any one of Seq ID Nos 1 to 4. 

The preferred cell is a eukaryotic cell and even more prefened is a maminaii an 
cell. In certain embodiments of the invention described herein the preferred cell is a 
1 0 Schizosaccharomyces pomhe cell. 

Preferably the antisense nucleic acid corresponds to apart only of the target 
nucleic acid. 

According to a sixth aspect there is provided a pharmaceutical composition for 
use in performing the method of any one of tire previous aspects comprising 
1.5 (i) an expressible nucleic acid encoding, or capable of increasing or decreasing the 
expression of an RNAi factor; 

(ii) a nucleic acid encoding a molecule which is, or gives rise to, an anti-sense 
nucleic acid directed toward at least a portion of the RNA transcript of the target nucleic 
acid; and 

20 (iii) a pharmaceutically acceptable carrier, 

wherein the nucleic acids of (i) and (ii) may be situated on the same or different 
molecules. 

According to a seventh aspect there is provided a pharmaceutical composition 
for use in performing the method of any one of claims 2 to 17 comprising 
25 (i) an nucleic acid which is the target nucleic acid or a part thereof, or an 

expressible nucleic acid encoding a factor capable of elevating the intracellular level of 
the target nucleic acid; 

(ii) a nucleic acid encoding a molecule which is, or gives rise to, an anti-sense 
nucleic acid directed toward at least a portion of the RNA transcript of the target nucleic 

30 acid; and 

(iii) <; - cafly acceptable carrier, 

wherein the nucleic acids of (i) and (ii) may be situated on the same or different 
molecules. 
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According to an eighth aspect there is provided a cell having increased 
susceptibility to aati-sease-mediated inhibition of a target nucleic acid expression, 
which cell (i) expresses a target nucleic acid and (ii) comprises an elevated level of an 
KJNAi factor, with the proviso that the cell is to have introduced thereinto a molecule 
5 which is. or gives rise to, an anti-sense nucleic acid directed toward at least a portion of 
the B.NA transcript of the target nucleic acid under conditions permitting the RNAi 
factor to increase the degree to which the anti-sense nucleic acid inhibits expression of 
the target nucleic acid. 

For preference the cell is a eukaryotie cell, but more preferred is a mammalian 

10 cell As indicated above, in certain embodiments of the invention described herein the 
preferred cell is a Sckizasaceharamyces pombe cell. 

According to a ninth aspect there is provided a method for inhibiting the 
expression of a target nucleic acid in a cell which method comprises the steps of 
(i) augmenting the level of the target nucleic acid or a part thereof in the cell, and 

1 5 (ii) prior, concurrently with or subsequent to performing step (i), introducing into 
the cell a molecule which is, or gives rise to, an anti-sense nucleic acid directed toward 
at least a portion of the RNA transcript of said target nucleic acid, under conditions 
permitting an increase in the degree to which the anti-sense nucleic acid inhibits 
expression of said target nucleic acid. 

20 According to a tenth aspect there is provided a method of increasing cellular 

susceptibility to anti-sense-mediated inhibition of a target nucleic acid expression, 
which method comprises augmenting the level of the target nucleic acid or a part 
thereof in a cell expressing the target nucleic acid, with the proviso thai the cell is to 
have prior, concurrently or subsequently introduced, thereinto a molecule which is, or 

25 gives rise to, an anti-sense nucleic acid directed toward at least a portion of the RNA 
transcript of the target nucleic acid under conditions permitting the increase in the 
degree to which the anti-sense nucleic acid inhibits expression of the target nucleic acid, 
According to an eleventh aspect there is provided a method for treating a subject 
suffering from a disorder whose allegation is mediated by inhibiting the expression of a 

30 target nucleic acid, which method comprises the steps of 

(i) augmenting the level of said target nucleic acid or a part thereof in the subject's 
cells where the target nucleic acid is expressed, and 
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(ii) prior, concurrently with or subsequent to performing step (i), Introducing into 
such cells a molecule which is, or gives rise to, an anti-sense nucleic acid directed 
toward at least a portion of the KNA transcript of the target nucleic acid, under 
conditions permitting an increase in the degree to which the anti -sense nucleic acid 
5 inhibits expression of the target nucleic acid, thereby treating the subject, 

According to a twelfth aspect there is provided a method for inhibiting in a 
subject the onset of a disorder whose alleviation is mediated fay inhibiting the 
expression of a target nucleic acid, which method comprises the steps of 

(i) augmenting the level of the target nucleic acid or a part thereof in the subject's 
10 cells where the target nucleic acid would be expressed if the subject were suffering from 

the disorder, and 

(ii) prior, concurrently with or subsequent to performing step <i) s introducing into 
such cells a molecule which is, or gives rise to, an anti-sense nucleic acid directed 
toward at least a portion of the RNA transcript of the target nucleic acid, under 

1 5 conditions permitting an increase in the degree to which the anti-sense nucleic acid 
would inhibit expression of the target nucleic acid were such expression to occur, 
thereby inhibiting in the subject the onset of the disorder. 

According to a thirteenth aspect there is provided a method of determining 
whether inhibiting the expression of a particular target nucleic acid or the activity of its 

20 product may alleviate a disorder, which method comprises the steps of 

(i) augmenting the level of the target nuclei c acid in a cell whose phenotype 
correlates with that of a cell from a subject having the disorder ; 

(ii) prior, concurrently with or subsequent to performing step (i), introducing into 
the cell a molecule which is, or gives rise to, an anti-sense nucleic acid directed toward 

25 at least a portion of the RNA transcript of the target nucleic acid under conditions 
permitting an increase in the degree to which the anti-sense nucleic acid inhibits 
expression of the target nucleic acid; and 

(hi) determining whether the cell's phenotype now correlates with that of a cell from 
a subject in whom the disorder has been alleviated or the disorder is not evident, 
30 thereby determining whether inhibiting the expression of the target nucleic acid or the 
activity of its product may alleviate the disorder. 

In a preferred embodiment the target nucleic acid is an endogenous nucleic acid 
or a part thereof, but it may also be an exogenous sequence or part thereof. 
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Preferably the level of the target nucleic acid is augmented by introducing into fee cell 
additional copies of or agents which are capable of inducing intracellular over- 
expression of the target nucleic acid. Over-expression can be achieved for an 
endogenous as well as an exogenous target nucleic acid. Preferably the nucleic acid 
5 used for augmenting content of the target nucleic acid is a fragment, derivative or 

analogue of the target nucleic acid. However it will be understood that Hie entire native 
sequence of the target nucleic acid may be employed. 

Conveniently, the target nucleic acid may be coupled to a selectable, marker. 

The preferred cell is a enkaryotic cell and even more preferred is a mammalian 
10 cell. In certain embodiments of the invention described herein the preferred cell is a 
SchizQsaccharomyces pomhe cell. 

Preferably the antisense nucleic acid corresponds to a part only of the target 
nucleic acid. 

According to a fourteenth aspect there is provided a cell having increased 
1 5 susceptibility to anti-sense-mediated mhibiiion of a target nucl eic acid expression, 
which cell (i) expresses said target nucleic acid and (ii) comprises an elevated level of 
said target nucleic acid, with the proviso that the cell is to have introduced thereinto a 
molecule which is, or gives rise to, an anti-sense nucleic acid directed toward at least a 
portion of the RNA transcript of the target nucleic acid under conditions permitting the 
20 RNAi factor to increase the degree to which the anti-sense nucleic acid inhibits 
> ■ ~ et nucleic acid, 
The preferred cell is a eukaryotic cell and even more preferred is a 
Schizosaccharomyces pomhe cell 

According to a fifteenth aspect there is provided a method of identifying a 
25 cellular" factor capable of effecting aad'or modula ting expression of a target nucleic acid 
in a cell having the target nucleic acid and a nucleic acid which is an antisense of the 
target nucleic acid or part thereof, which method comprises over-expressing said factor 
in the cell and wherein the expression of the target nucleic acid is capable of being 
enhanced or only partially suppressed. 
30 According to a sixteenth aspect there is provided a factor identified by the 

method of the fifteenth aspect. 

The prefej S \ can be selected from the group consisting of a gene, cDNA, RNA 
or a protein. More preferred are factors selected from the group consisting of a 
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transcriptional activator or the antisense nucleic acid, a component of the RNAi 
.machinery, a component of the DNA replication machinery and a component of 
transiationa! machinery. Even more preferred is a factor having an res sequence. 

Preferred factors can also be selected from tlie group consisting of ATP- 
5 dependent RNA helicase (dedl), transcriptional factor thil, DNA replication protein 
sna4i, ribosomal protein L7a, elongation factor EF-Tu and res I as herein defined. 

According to a seventeenth aspect there is provided an RNAi factor which is an 
res sequence obtainable from transformed cells designated herein W18, W20, W21, 
W23, W27, W2S, W30, W32 and W47. 
10 According to an eighteenth aspect there is provided an RNAi factor which is an 

res sequence represented by Seq ID Nos 1 to 4. 

According to a nineteenth, aspect there is provided a Schizosaccharcmyces 
pombe cell having a target nucleic acid or a part thereof and a arttisense nucleic acid or a 
part thereof which corresponds to the target nucleic acid or a part thereof, wherein the 
1 5 expression of the target nucleic acid, is capable of being enhanced or only partially 
suppressed. 

The term "inhibiting expression of a target nucleic acid" as used in the context of 
the present invention is intended to encompass, but not be limited to, redaction or 
elimination of gene expression, whether or not the target nucleic acid is a gene, or a part 
20 thereof, introduced into the cell or it is an endogenous gene. 

The term "RNAi factor" is intended to include in its scope any naturally 
occurring, modified or synthetic molecule capable of enhancing RNAi activity. This 
definition includes in its scope the factors referred to herein as i?NAi enhancing 
sequences (res). The term res may be used herein, interchangeably with the term aes 
25 (miti-sense enhancing sequences). 

It will he understood by those skilled in the art that "elevating 'RNAi factor 
level" can be achieved by transfeetion, ^regulation or other means known in the art. 

The term "anti-sense nucleic acid molecule" as used in the context of the present 
invention is intended to encompass RNA ox DNA and contain region(s) related to a 
30 specific target SNA transcript or its gene. It is also intended to include molecules 
giving rise to antis en sequen hiding inverted repeat e vNA, el 

The terra "conditions permitting the RNAi factor to increase the degree to 
which the anti-sense nucleic acid molecule inhibits expression of the gene" 
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is intended to include the concept of inhibition of gene expression which is high enough 
to be effective, but not so high as to hana the ceil The effective concentration range 
can he determined using routine methodology known in the art. 

Reference to a "subject" is intended to include human, animal (mouse), plant, or 
5 other life forms. 

Reference to a "cei!" is intended to encompass eukaryotic cells such as yeast, 
mammalian, plant, etc 

The term "disorder" will be understood to inlcude viral infection (HIV, HPV, 
etc), cancer, autoimmune disease and other chronic and acute diseases. 
1.0 The term "phenotype" as used in the context of the present invention is intended 

to include ceil staining, morphology, growth, and similar characteristics. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 . Target genes and antisense fragments, a, The strain KC4-6 expresses low 
levels of/acZRNA. The lac'l expression cassette is integrated at the ura4 locus on 

15 chromosome III and is composed of the SV40 early promoter, the E, coli laeZ gene and 
the SV40 3' processing signal. The 5' and 3' flanking DNA sequences of the ura4 locus 
are as indicated, b, The strain RB3-2, which expresses high .levels of JacZRNA, 
contains an expression cassette containing the S. potnbe adJil promoter, the lac'l coding 
region, and the S. pombe um4 3 ' pros essim. signal, c, The ftdMength 3.5 kb antisense 

20 lad fragment is shown. The crippled sense fragment, was generated by end-filling the 
CM cut lacZ vector and religating on itself, d, The AML1 strain contains a c-myc-lacZ 
fusion cassette integrated at the wa4 locus. Exons 2 and 3 of the human c-myc gene 
were employed as a target. The relative position of the c-myc antisense fragment is 
shown. Transcription initiation sites are indicated by the bent arrows. The straight 

25 arrow s i eprc s> ni the normal direction of transcription for a particular DNA fragment. 
Figure 2. dsRNA-mediated gene silencing in fission yeast, a, A fission yeast strain 
containing the into. & ' ime under control of the strong adkl promoter was 
transformed with lac'l antisense vectors. The antisense gene was under control of the 
weak nmt4! promoter (low antisense), the strong runt! promoter in single copy (1 5} 

30 (medium antisense), orihamntJ promoter in mufti-cop;, (high antisense). For the strain 
expressing maximum antisense RHA two episomal izmfAdriven antisense vectors 
containing different i s eei Me markers were co-transformed into the target strain, b, A 
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fission yeast strain containing the integrated lacZ gene under control of the weak SV40 
promoter (low target) or strong adhl promoter (high target) was transformed with the 
antisense lacZ vector or antisense lacZ and sense lacZ vectors. S trains were co- 
transformed with vectors containing appropriate selectable markers to complement 
5 auxotrophy. c, The lacZ inverted repeat vector was expressed in the high-expressing 
lacZ target strain. Hie strain expressing the antisense construct only is also indicated, d, 
A fission yeast strain containing an integrated c-myc-lacZ fusion gene was transformed 
with tlie sense construct t : - ;e construct, or both. Antisense and sens* < ns • 

were also expressed in the high-expressing lacZ strain. All strains were transformed 

10 with appropriate control plasmids to complement auxotrophy. 

Figure 3. Effect of co-expressing single copies of sense and antisense genes. Strains 
containing target lacZ alone (RB3-2), the target and a single copy of the antisense gene 
(K40-7), and the target and both the antisense and frameshifted lacZ genes (M62-1) 
were assayed for (5-gaiactosidase activity. pREP2 and pREP4 are parental plasmids 

1 5 containing the LEVI and wa4 selectable markers respectively. Steins were transformed 
with the appropriate control plasmids to compleme i1 auxi >tiophy. For each sample three 
independent, colonies were assayed in triplicate. 

figure 4. UNA expression profiles in fission yeast strains, a, The target strain RB3-2 
was transformed with the lacZ inverted repeat vector (pM53-l) or co-transformed with 

20 antisense (pOT2) and sense (pM 54-3) vectors and grown to mid-log in the absence of 
thiamine. Total RNA from each strain was separated on a 1% denaturing agarose get 
transferred to a nylon membrane and probed with the radioactively labeled 2,2 kb nmtl 
fragment. The episomai lacZ signal was normalized with the endogenous nmtl 
transcript and qnantitated by phosphorimage analysis. The relative level of episomai 

25 lacZ expression is shown, b, The strain M38-1 which contains a single copy stably 
integrated lacZ inverted repeat gene was grown to mid-log in the absence of thiamine, 
its RNA isolated and analyzed by Northern hybridization. The relative steady-state level 
of the "panhandle" lacZ RNA is indicated in comparison to episomally expressed 
antisense fooZRNA. 

30 Figure 5. In vivo dsRNA assay, a, The constructs employed for assaying the ability of 
fhe/acZi edrep rmai intramolecular RNA duplex are shown. Each vector 

contains a functional lacZ fragment which gives the transfonned strain a blue color 
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phenotype when grown in the presence ofX-GAL. The predicted secondary structure of 
the pM81-2 generated transcript is indicated, fo, The steak 2037 was transformed with 
the vectors pM85-l, pM91-l andpMSl~2 m die absence of thiamine. Single colonies 
were streaked on minimal media plates and overiayed with 0.5% agarose medium 
5 containing 500 pg/ml X-gal and 0.01% SDS. 

Figure 6. The effect of: dedl on dsRNA-mediated gene regulation, a, The dedl gene 
was co-expressed in a fission yeast strain containing the integrated lac'l gene. p~ 
gaiactosidase activity of the strain transfonned with and without the antisense iacZ 
vector is shown, b, The target sixain was transfonned with a vector expressing a short 
10 IacZ antisense gene or with both the short IacZ antisense vector and the dedl -expressing 
vector. Strains were transformed with appropriate control plasmids to complement 
auxotrophy. 

Figure 7. Over-expression of Ml in an antisense IacZ expressing strain. 
j3-galaciosidase activity of the target strain 8B3-2 transfonned with and without the 
15 antisense IacZ vector is shown. Over-expression of the thil gene in the antisense 
expressing su-ain is also indicated. Strains were transfonned with appropriate control 
plasmids to complement auxotrophy. 

Figur e 8. Over-expression so com oe s i bi \ n 1 i.i i tors A target 
strain containing the integrated IacZ gene under control of the adhl promoter and the 

20 i i uisformed with an 

S. pomhe cD'NA library. Library fragments are driven by the nmtl promoter. 
Transformants are individually screened for a change in the lacZ-encoded blue colony 
colour phenotype. These transformants are then quantitatively assayed for 
P-gal actosidase activity in the presence and absence of thiamine. The antisense vector 

25 is then segregated out of transformants showing a cDNA dependent modification of 
IacZ suppression. A tertiary p-galactosidase assay is performed to determine if the 
effect is dependent on the presence of dsRNA. cDKA vectors are recovered from strains 
of interest, sequenced, and subjected to BLASTN analysis. 

Figure 9. Over-expression screen of a S, pomhe cDNA library, a, Transformants were 
30 grown on minimal media plates and over-layed with X-GAL-confaimng medium. Those 
which showed a reduced blue eolour-phenotype (black arrow) were analysed further. 
Transformants demonstrating an enhanced blue-colour phenotype were also identified 
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(white arrow), b> Transfomauts which showed, a visual reduction in the blue phenotype 
were assayed for p-galactosidase activity in liquid culture in the absence of thiamine. 
Thiamine was added to the medium to demonstrate that the enhanced lacZ suppression 
was dependent on RNA expression. Transformanis were again assayed for 
5 P~galaetosidase activity following antisense vector segregation, e. Over-expression of 
unique res genes in dsRKA-cxpressing strains. 

Figure 10. lacZ panhandle-mediated gene silencing. (A) The lacZ panhandle construct 
contains the full-length crippled lacZ gene which is followed by the inverted 5' 2.5 kb 
lacZ fragment. Intramolecular hybridization generates an RNA with 2.5 kb RNA duplex 

10 and a 1 kb loop. (B) The relative steady-state level of the episomally expressed 

panhandle lacZ RNA (7.0 kb) is shown in comparison to episomally expressed antisense 
lacZ RNA (4.5 kb). The lacZ signals were normalized to the endogenous rantl transcript 
(1 .3 kb) and quantitated by phosphorimage analysis. (C) The target strain was 
transformed with the episomally expressed lacZ panhandle and analyzed for b- 

1 5 galactosidase activity. The appropriate piasmids were co-introduced to complement 
auxotrophy. At least three independent colonies were assayed in triplicate for each 
strain. Transformants were assayed in the presence of thiamine to abrogate expression 
of the panhandle RN A (hatched). (D) The target lacZ strain was transformed with the 
panhandle vector only or both tire panhandle and aes2 vector. 

20 Figure 11. Co-expression of dedl and tecZ antisense genes, b-galactosidase activity of 
the target strain co-transformed with the dedl gene and the antisense lacZ vectors is 
shown. Dedl was expressed from the ura4-based plasmid pREP4 while the antisense 
genes were expressed .from the LEU2-based plasmid pREP2. Strains expressing 
antisense KNAs or dedl RNA alone are also indicated. Strains were transformed with 

25 appropriate control piasmids to complement auxotrophy. Three independent colonies 
were assayed in triplicate for each strain. 
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Figure 12. DNA sequence for aesl factor 
Figure 13, DNA sequence for ms2 factor 
Figure 14. DNA sequence for aes3 factor 
Figure 15. DNA sequence for aes4 factor 
5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Using the lacZ fission yeast model to investigate features of aniisense-RNA 
technology in vivo (1-4), it has been shown that the degree of target gene suppression i s 
dependent on the level of antisense RNA (Fig. 2A)(1). During the course of developing 
this model it was suprisingly found that by increasing the steady- state levels of the lacZ 

1 0 target mRNA 20-fold in the presence of the same pool of antisense RNA that antisense- 
mediated suppression was not only maintained, hut enhanced (Fig. 2B). To verify that 
tins effect was independent of the target mRNA a lacZ gene containing a fratneshift 
mutation (leading to an inability to translate the (5-galactosidase enzyme) was co- 
expressed in anttsense-expressing strains. Again, additional stimulation of lacZ 

1 5 inhibition was observed (Fig. 2R). These observations are consistent with the potential 
formation of additional dsRNA and consequent stimulation of gene silencing. They also 
indicate that the dsRN A-mediated gene silencing is dose-dependent in this system. To 
further show that dsRNA was the key component in target gene inhibition in fission 
yeast dsRNA was generated by expressing a lacZ inverted repeat with 2,5 kb of internal 

20 complementarity in the presence of lacZ target mRNA. Expression of this construct also 
reduced (3-galactosidase activity in a lacZ expressing strain to a similar level to the full- 
length antisense RNA (Fig. 2C). Overall, these data suggested that increasing the 
potential formation of dsRNA, but not necessarily an antisense RNArtarget mRNA 
hybrid, resulted in efficient interference of target gene expression in S. pomhe. 

25 To test the ability of dsRNA to specifically interfere with another target 

sequence in fission yeast, sense and antisense c-myc sequences were co-expressed in a 
strain containing an integrated c-myolacZ fusion cassette (3). A 792bp antisense c-myc 
fragment from exon 2 of the human c-myc gene was previously found to suppress 
(3-galactosidase activity within the c-myc-lacZ fusion target strain by 47% (3). 

30 p-galactosidase assays demonstrated that co-expression of the antisense and sense c- 
myc constructs in the target strain enhanced c-myc suppression compared with the 
ant isense c-myc vector alone (Fig. 2D). Transformation of the strain expressing only the 
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lacZ target with the antisense and sense c-myc constructs resulted in no down-regulation 
of p-galaetosidase activity indicating that fee action oi'dsRNA is sequence-specific 
(Fig. 2D). All of the above observations, as well as the reduction in target mKNA levels 
in response to additional dsRNA (data not shown), are consistent with features 
5 associated with RNAi. This is the first example of dsRNA-mediated gene regulation in 
yeast and. unlike RNAi in all other organisms except zebrafish, appears to be dependent 
on the concentration of intracellular dsRNA. The variation in RNAi efficacy between 
organisms m ay be due to the absence or under-expression of some components of the 
RNAi pathway or the presence of RNAi inhibitors. We have now further developed this 

1 0 genetic model for idem: fication of factors involved in RNAi. 

Without wishing to be bound by any particular mechanism, it is probable feat a 
multi-protein complex exists which mediates fee post-transcriptional degradation of 
target rnRNA in RNAi. Several genes which are involved in the RNAi phenomenon 
have been identified through genetic screens in Neurospora and nematodes. These genes 

1 5 include an RNA-dependeni RNA polymerase {qde-1, ego-1) a RecQ DNA helicase 

(qde~3), an RNase D homologue {mut~7), and a putative translation initiation factor {rde- 
1, qde-2). The genes mut-2, rde-2, rde-4, and rde~7 have also been identified as being 
involved in either the initiation or maintenance of RN Ai. Additionally, Drosophtla cell 
free assays have shown that RNAi is mediated by nuclease degradation of fee targeted 

20 mRNA while a 21-25 nt RNA species appears to be integral to specific post- 

tnmscriptional genetic interference. RNAi. has also been shown to be dependent on ATP 
which may be required for strand dissociation of dsRNA. However, a missing 
component of die proposed multi-protein complex in the RNAi pathway is the implied 
RNA helicase. 

25 The dose-dependency of dsRNA-mediated gene silencing in fission yeast 

described above has allowed us to use an over-expression strategy to identify genes 
involved in RNAi. In comparison to mutagenesis strategies, over-expression can enable 
the identification of genes which are otherwise essential for cell viability. Also, cellular 
factors that quantitatively enhance or reduce RNAi activity can be determined. The first 

30 gene mat was tested in mediating RNAi activity in the present model was fee nmtJ 
transcription factor tkil. This gene has been shown to sped I b • sgulate nmtl 
expression when overexpressed in fission yeast. As we have previously shown that 
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antiseiise RNA-mediated gene suppression is dose dependent in & potrihe (1) it was 
hypothesized that over- expression of Ml would result in increased production ol until- 
driven antisense /acZ RNA and a consequent enhancement in target gene suppression. 
The ihil open reading feme was PCR amplified and subcioned into pBEP4 as a BamHI 
5 fragment. This vector was then transformed into RB3-2/pGT2 and ji-galactosidase 
assays performed. As predicted, lacZ suppression was enhanced when compared to a 
strain expressing antisense RNA alone (Fig. 7). This result indicated that host-encoded 
factors are present which affect the robustness of dsRNA-mediated gene suppression in 
fission yeast and also validated the overexpression strategy. 

1 0 The second gene investigated has been the & pombe. ATP~dependent RNA 

helicase gene, dedl, Dedl is an essential gene which has previously been characterized 
as a suppressor of sterility, a suppressor of checkpoint and stress response, and a general 
translation initiation factor. According to current models of dsRNA-mediated gene 
regulation an ATP-dependent RNA helicase may fas required in conjunction with a 

1 5 dsRNA-dependen t RNA polymerase for tire formation of short single-stranded RNA 
fragments which specifically degrades target mRNA. It was therefore reasoned that 
over-expression of this gene in fission yeast could enhance the efficiency of dsRNA- 
mediated gene silencing by stimulating the unwinding of dsRNA, Co-expression of the 
dedl vector with the antisense lacZ vector significantly enhanced dsRNA-mediated lacZ 

20 inhibition by a further 50% compared to the antisense expressing strain (Fig. 6 A). When 
dedl was over-expressed in the absence of tire antisense lacZ vector, fi-galactosidase 
activity was comparable to control strains Indicating that its effect was dependent on the 
presence of dsRNA (Fig. 6A). The dedl vector was also co-expressed with a short 
antisense lacZ vector which has previously been shown to be less effective than the full- 

25 length antisense gene (1 6). Again, the over-expression of dedl stimulated dsRNA- 

mediated lacZ inhibition (Fig. 6B). It was thus shown that over-expression of an ATP- 
d i i u nt i!v ' I v i ■ t c < '1 - - , \ y in fission yeast. 

By over-expressing a cDNA library in a dsRNA fission yeast model we have 
identified four novel genes with potential roles in the RNAi pathway . All of the known 

30 genes identified are essential and have natural associations with DMA, RNA or nucleic 
acid bind a t& w ith the expectation ofKNAi cellular factors. In 

addition, two of the three known cDNAs encoded proteins involved in the process of 
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translation. These findings along with our previous identification of an ATP-dependent 
RNAheKcase (Raponi & Amdt, submitted) and reports of the involvement of a 
translation initiation factor in RNAi and die co-purification of ribonuclease activity 
with ribosomal fractions, suggests that this may he one site at which RNAi functions. 
5 Alternatively, the identi fication of such varied proteins as DNA heticases and 

translation^ components as part of the RNAi machinery implies that particular cellular 
proteins may be recruited into more than one multiprotein complex. Under the latter 
conditions, over-expression of these specific proteins may result in die generation of an 
RNAi complex that recognises dsRNA and mediates target gene suppression. Certain of 

10 these proteins may be rate-limiting or rate-determining in RNAi and only through 
supplementation of these factors are their roles in RNAi uncovered. It is proposed, 
without wishing to be bound by any particular mechanism, that in addition to the 
previously identified core proteins in the RNAi multiprotein eompiex(es), additional 
factors such as EF Tu, L7a, sna41 and res! may be enlisted for a role in dsRNA- 

15 mediated gene suppression. 

The over-expression strategy described overcomes some limitations associated 
with mutagenesis by identifying essential genes with a role in RNAi. In addition, this 
strategy complements these other systems by allowing the isolation of cellular factors 
that modify the efficacy of RNAi in vivo. The roles of these modulators of RNAi may 

20 be varied and include recognition and amplification of the dsRNA, delivery of the small 
21-25 nt dsRNAs to the target mRNA. association between the antisense and target 
niRNA strands, and RNAi complex formation. Alternatively, these modulators may 
control the rate of RNAi or the formation of diffi tea uplexes within cell types or for 
different forms of post-transcriptional gene silencing. The fact that over-expression of 

25 specific RNAi modulators enhanced dsRNA-mediated gene regulation in fission yeast 
indicates that a similar approach could be used to identify RNAi modulators in other 
organisms. In addition, the eo-expression of these factors with different forms of post- 
transcriptional gene silencing including co-suppression, quelling, and antisense RNA 
could be one way of enhancing the efficacy of these methods. This may be especially 

30 important for application of RNAi to mammalian cells and tissues or to genes which 
have been somewhal t calcitrant to this form of regulation. 

The present invention demonstrates for the first time the intrinsic involvement of 
an ATP-dependent RNA helicase as a key component in RNAi. Further, it can he rate 
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Hmiting, as the over-expression leads to increased RNAi activity in this system. This 
ability of the dedJ -encoded RNA helicase is coiisistent with its activities as a member of 
the DEAD box family of helieases, with their three core domains of ATPase, RNA 
helicase, arid RNA binding activities. These could allow the enzyme to enhance gene 
5 suppression as follows: (i) in a dissociative mechanism it could mediate either the 

unwinding ofdsRNA to generate a cRNA in conjunction with an RNA-dependent RNA 
polymerase or strand separation of fragmented dsRNA to enhance binding to 
homologous transcripts, and/or (ii) in an associative mechanism it could catalyse the 
ATP -dependent exchange of the sense strand of the short dsRNA with the target mRNA. 
10 The presence of dedl homoiognes in other organisms displaying RNAi further supports 
the general involvement of this component in the RNAi machinery. 

The present invention also provides for the first time a novel and quantitative 
genetic system based on S.pombe, for rapidly identifying essential cellular factors 
involved in RNAi. The use of this model has enabl ed verification of RNA helicase 
1 5 activity as a critical contributor to efficient RNAi activity and isolated novel RNAi 
factors including BF Ta, L7a, sna41, and an unidentified gene res], The present 
invention also demonstrates that gene silencing maybe enhanced by concomitant 
expression of such RN Ai factors. 

The invention wilt now be described more particularly with reference to non- 
20 limiting examples of certain preferred embodiments of the invention, 

EXAMPLE 1: Materials and methods used to exemplify the invention 

All yeast strains were maintained on standard YES or EMM media (6), 
Repression of nmtl transcription was achieved by the addition of thiamine to EMM 

25 media at a final concentration of 4 p.M (7). Yeast ceils were transformed with plasraid 
DNA by electroporation (8) and stable integrants were identified as previously 
described (6). A glass bead procedure (9) was used to isolate genomic DNA which was 
used for Southern analysis and PGR diagnosis. Total RNA was extracted as previously 
described (10), 

30 S. pom be stra in and da >mid .. igfrueticn. 

Construction of the low expressing laeZ strain, K.C4-6 (h; ura4:;SV40~lacZ, 
Uul~32), has been previously described (2). The strain RB3-2 (h; ura4::adM~lacZ, 
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tea 1-32) which expresses higher levels of p-galaeiosidase has also been previously 
described (i). The target strain which contains the c~myc:lacZ fusion has previously 
been described (3), 

The construction of the long /acZ antisense containing episomal plasmid, pGT2 f 
5 and corresponding control piasmids have been described (2). Plasmid pREP4-As was 
generated by subeioning the lacZ BamBI fragment contained in pGT2 into the plasmid 
pREP4 (11). pREP4 is identical to pREPl except that the & cerevisiae LEW gene has 
been replaced with the S. pombe ura4 selectable marker. To d crea tl e steady-state 
level of episomally expressed antisense lacZ, piasmids pREP42-As and pREP82-As 

10 were constructed by subeioning the lacZBamM fragment from pGT2 into pREP42 and 
pREP82, respectively . These piasmids are derivatives of pREP4 with mutations in the 
TATA box of the nmtl promoter (12). The crippled lacZ vector, pGT62, was generated 
by end-filling the CM site of pGT2 and tc-Hgatrag (2). This firameshifted fragment was 
then subeloned into fbeBamftt site of pREP4 to generate the plasmid pM54-3. 

15 The lacZ panhandle integration vector, pM30-S, was generated by first 

introducing &Notl site into the Xmal site of pRIPl/s (11) using the self-complementary 
linker 5 ! CCG GGC GGC CGC V to generate pL121 44. The 2.5 kb sequence of the 5' 
end of the frameshified lacZ gene (2) was then PCR-amplified to give it Natl ends using 
the forward primer 5' ATGCGGCCGCAATFCGCGGGGATCGAAAGA 3* and 

20 reverse primer 5 ' ATGCGGCCGCAATGGGGTCGCTTCACTTA 3 This product was 
cloned using a TA cloning kit (TOPO: Invitrogen, San Diego, CA» USA) and then 
subeloned into the Notl site of pL121-14 in the antisense orientation. The integrating 
vector was introduced into target strains in single copy by using the sup3~5/ade6~704 
complementation system (1 3). The full-length frameshifted lacZ fragment was then 

25 introduced into the Bamlll site of tins vector hi the sense ori enta tion upstream of the 2.5 
kb antisense fragment to generate pM30-8. The episomal version of this vector (pM53- 
1) was made by removing the Pstl sup3 5 fragment and introducing the autonomous 
replicating sequence as an EcoRl fragment (1 1). For testing the ability of fee panhandle 
construct to form dsRNA in vivo, the fiameshifted lacZ fragment was replaced with the 

30 functional lacZ fragment in the vectors pM54-3 and pM53-l, to generate the vectors 
pM854 and pM81-2, respectively. The vector pM91-l, which is unable to form a lacZ 
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panhandle transcript, was generated by removing the 2.5 kb Notl lacZ fragment from 
pM81~2 and reintroducing it in the sense orientation. 

Generation of the c-myc antisense construct, pCM- 3 7, has been described 
elsewhere (3). The 792 bp BgBl c-myc fragment from pCM- 1,7 was stibcloned into the 
5 BamBI site of p'REP4 in the sense orientation to generate pN 12-1, 

The dedl, and thil, open reading frames were amplified from fission yeast, 
genomic DNA (strain 1913). dedl was amplified to give it Bamffl ends using the 
forward primer 5' ATGGGATCCCAACCAAACACTTCAACTC AG 3' and the reverse 
primer 5' ATGGGATCCTCAGAAGCCTGTGCATAACAC 3'. Ml was amplified to 

10 give it Bglll ends using the forward primer 5' 

ATGAGATCTGTGGTTGGTATTCTAGAGAGA 3' and the reverse primer 5 5 
ATGAGATCTAACAAAGACCTGCAAAAAACC 3'. PGR products were purified 
(Qiagen PGR. purification kit), digested with, either BamEl or BglE, gel-purified 
(Qiagen), and subcloned into the BamBI site of pREP4 in the sense orientation. 

15 Southern and Northern analysis.. 

Nucleic acid electrophoresis and membrane transfer w a spei armed as described 
(14). Southern and Northern blots were hybridized using ExpressHyb solution according 
to the manufacturer's instructions (Clonteeh Laboratories). DNA probes were 32p. 
labelled using the Megaprime labelling kit (Amersham). Probes included a 960 bp 

20 BamWOal lacX fragment from pI2-l (1), a 570 bp HindlWEcoRl ura4-3' fragment 
from pGT113 (15),, and a 2.2 kb PsWSad nmil fragment from pRIPl/s, Radioactive 
signals were detected by autoradiography and quantitated by phosphorimage analysis 
(ImageQuant; Molecular Dynamics). 

25 Plasmid eo-transformants of steam RB3-2 were grown under selective conditions 

to a cell density of 1-2x10? cells/mL A serial dihuion of each culture was performed 
and cells plated for single volo uses , i < 1 c it oi I s-*^ 1 MM 
EMM+Ieucine, and EMM+uracil agar media. The number oi j > n on YES 
was taken as the total number of viable cells, while colonies growing on EMM 

30 represented the cells in the sampled population that contained both the ura4~contshvixtg 
(pR8P4~based) and the Lfi'f/?-contaimng (pREPl -based) plasmids. Cells containing 
either the ura -/-containing plasmid or the iKr/2-eontaming plasmid were identified 
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fiora the EMM-Heucine and EMM+aracil plates respectively. The ratio of the number of 
colonies grown on selective media to the total number of viable colonies was used as the 
quantitative measure of the proportion of ceils in the population, grown under selection, 
which contained plasmids, 

5 { % >i tostdase ass ; 

The expression of the /«cZ gene-encoded product, p-galactosidase, was 
quantitated using a cell permeabiMzation protocol as previously described (Rapoui et al. s 
2000). A semi-quantitative overlay assay was also employed for rapid screening of yeast 
transformants (3), 

10 Isolation of S. pombe c DNA clones i >N > . Uicacy. 

The S. pombe cDKA library was originally constructed in pREP3Xho by Bruce 
Edgar and Chris Norbury (5). The vector pREP3Xho is derived from pREP3 which 
contains the LEU2 marker and inserts are under control of the nmtl promoter (1 1), A 
total of 5 ug of library DNA was transformed into the strain RB3-2 containing the 

1 5 episomal antisense lac'l vector pRBP4~lacZAS and grown in EMM liquid media to the 
mid-logarithmic phase. Transformants were then plated on EMM solid media and 
grown at 30°C for 3 days, Colonies were over-layed with medium containing 0,5 M 
sodium phosphate, 0.5% agarose, 2% dimethylformamide, 0.01 % SDS, and 500 ug/ml 
X-GAL (Progen, Australia). Plates were then incubated at 37*C for 3 hrs, colonies of 

20 interest recovered and assayed for Ji-gakctosidase activity. 
Plasmid seg re gation. 

Strains were plated on EMM containi lg ' railing uracil and 1 rag/ml 5-fluoroorotic acid 
(6). Strains were then replica plated on both selective and non-selective media. Those 
colonies that did not grow on selective media were identified as having lost the wa4- 
25 containing antisense plasmid. To determine the mitotic stability of pREP-based 
plasmids we used the plasmid segreagiion method, previously described (16). This 
method indicated that up to 30% of the cells grown in selective media did not contain 
the resident plasmid. 

EXAMPLE 2: Effect of steady-state level of target raRNA and antisense RNA on 
30 antisense efficacy. 

To determine the role of target mRNAste st lev* nu ei e- mediated 
gene suppression , we investigated the ability of a long lacZ antisense RNA (2) to 
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regulate lacZ target genes under control of both weak and strong constitutive promoters. 
The low-level expressing strain, KC4-6, contained, the lacZ gene driven by the SV40 
early promoter integrated at the um4 locus in chromosome in (Fig, I A; (2)). The high- 
level lacZ expressing strain, KB3-2, was constructed by placing the lacZ gene under 
5 control of the strong fission yeast adhl promoter and the 3' processing signal from the 
ura4 gene aid integrating this expression cassette at the ura4 locus (Fig. IB; (I)). 
Characterization of both strains indicated that RB3-2 expressed 20-fold more lacZ 
niRNA than KC4-6 while an approximate 40-ibld increase In p-galaetosidase was also 
detected (data not shown). Both strains were transformed wife the lacZ antisense gene- 

10 containing plasmid (pGT2) and its corresponding sense control plasmid (pG7'62). 
f3~galactosidase assays indicated that the antisense SNA suppressed p-galactosidase 
activity by 45% in KC4-6 while the same RNA reduced ji-gaiactosidase activity by 
52% in RB3-2 (Fig. 2B). No reduction in 8 -galaetosidase activity was seen in either 
strain when transformed with the control plasmid pGT62 which expresses a crippled 

1 5 version of lacZ. These results indicated that despi te a 2 0-fold increase in the steady 
state level of the lacZ target raRNA in KB3-2 the efficacy of anti sense-mediated down 
regulation was not only maintained, hut enhanced. The incne a 1 ene s oppression 
demonstrated with strain RB3-2 was also seen when antisense molecules targeted to 
suhregions of the lacZ target gene were used, but was not as pronounced. These data 

20 suggested an increase in target mRNA can result in enhanced target gene suppression. 

It has previously been demonstrated that a stably integrated antisense /aeZgeae 
acts in a dose dependent fashion with the steady-state levels of antisense RNA being 
dependent on genomic position effects and transgene copy number (I). Here the role of 
the steady-state level of episomally expressed antisense RNA in both the low lacZ 

25 expressing target strain, KC4-6, and the high lacZ expressing target strain, RB3-2, was 
investigated. The expression of lacZ antisense RN A was increased by co-tiansiboning 
KC4-6 and RB3-2 w ith plasmids pGT2 and pRBP4~As, each of which contains the lacZ 
antisense gene under control of the nmtl promoter, but different selectable markers. To 
decrease the steady-state level of antisense RN A, me plasmids pRBP42-As and 

30 pREP82~AS were employed. The nmtl promoter in these vectors contain deletions in 
the TATA box sequence which affect the level of transcription, but have no impact on 
the site of transcription initiation or thiamine repressibility (12). Each of the different 
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antisense gene-containing piasmids was co-transformed with a control plasmid to 
complement auxotrophy where appropriate. This resulted in a set: of co-fransformants of 
both. RB3-2 and KC4-6 each containing the same lac'Z antisense gene, but with different 
promoter capacities. Each co-transformant was analyzed for antisense RNA steady-state 
5 levels and p'-galactosidase activity. Table 1 indicates that with both strains the degree of 
target suppression is enhanced with the ici i sense lacZ RNA expression. 

Table 1. Effects of varying the level of antisense RNA in strains expressing both low 
and high level target. 



Strain 


Piasmids 


Descriptions 


P-gaL activity 
(units) 


% suppression*' 


Relative 
anti; ense 
RNA level*> 


KC4-6 


pKEP2,pREP4 


Vector 


1.07 


0 


0 




pREP2 ? pREP82-AS 


Low As 


1.10 


0 


0,04 




pREP2 s p.REP42-AS 


Medium As 


1.07 


0.1 


0.14 




pRBP2 J pREP4-AS 


Full As~um4 


0.75 


30 


1.0 




pGT2, pREP4 


miAs-LEU2 


0.70 


34.6 


2.2 




pGT2, pREP4-AS 


Double-As 


0.54 


49.2 


5.6 


RB3-2 


pREP2,pREP4 


V ector 


48.5 


0 


0 




pjREP2,pREP82-AS 


Low As 


44.0 


9.4 


0.05 




pREP2, pREP42-AS 


Medium 


43.9 


9.6 


0.1S 




pREP2,pREP4~AS 


Full As-nni4 


27.2 


43.9 


1.0 




pGT2, pREP4 


miAs-LEU2 


24.9 


48.7 


1.9 




pGT2, pREP4-AS 


Double- As 


16.6 


65.8 


5.4 



io 



a. The % suppression of p-galactosidase activity was determined by expressing each |3~ 
gatactosidase activity as a percentage of the activity found in the pREP2,pREP4 co~ 

h (us forrnant. 

b. Within each strain the teady-sl of] 7, antisense RNA was normalized 
1 5 to wntl mRNA and then expressed relative to the level observed in the pREP2, pREP4- 

As co-transformant. 

These data agree with the previous report that antisense RNA-mediated gene 
inhibition is dose dependent in S. pombe (1). However, for each co-transformant the 
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degree of fJ-galactosidase suppression was greater by 10-15% in the high iacZ 
expressing strain, RB3-2, than the low IacZ expressing strain, KC4-6, again 
demonstrating that low levels of target mRNA can limit antisense efficacy. 
EXAMPLE 3 : Effect of Increasing sense SNA on antisense RNA-mediated target 
5 gene suppression. 

To determine whether the increase in gene suppression was due to formation of 
an antisense RNA:target mRNA hybrid or an antisense RNA: sense RNA hybrid, a 
version of IacZ which is unable to be translated into functional j3~galactosidase was co- 
expressed in strains expressing the IacZ antisense gene. If antisense KNA was required 

i 0 to hybridize to target mRNA for inhibition of the gene expression pathway, then over- 
expression of the sense RNA would compete with the target for the available antisense 
molecules and a decrease hi IacZ gene suppression would result. Initially, both antisense 
and sense IacZ vectors were integrated in single copy into separate target strains and 
then crossed with each other, hi strains containing the antisense gene alone, 

1 5 p-galactosidase activity was reduced by approximately 40% (Fig, 3; (1)) while there 
was no reduction in the strain expressing sense IacZ alone (data not shown). However, 
in the strain expressing both complementary transcripts (M62-1), jj-galactosidase 
activity was reduced by 50% (Fig. 3). These results suggested that increasing the 
intracellular concentration of sense RNA in the presence of antisense SNA, and 

20 therefore potentially generating more dsRNA, stimulates target gene suppression. 

To further increase the potential formation of intracellular dsKNA an episomal 
sense IacZ pteswid (pM54~3; Fig. 2B) was co-transformed with the episomal antisense 
IacZ plasmid, pGT2, into the target strain RB3-2, Both of these sequences were 
expressed by the strong conditional nmtl promoter and RNA analysis showed that each 

25 transcript was being expressed at high levels when grown in the absence of thiamine 
(Fig. 4A). When both RNAs were co-expressed in KB3-2, the target lacZms 
suppressed by 65% compared to 50% in the st i pressin hi mtisense plasmid 
alone (Fig. 28). Northern analysts demonstrated that the total relative level of 
episomally expressed nmtl -4mm traasgenes was approximately 60% higher than when 

3 0 either vector was expressed alone (Fig. 4A). Although expression of these 

complementary RNA transcripts is at a high level compared with single copy integrants 
only an additional 15% suppression was observed. 
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One explanation for the absence of higher levels of target gene suppression is 
plasniid segregation. S. pombe undergoes asymmetric segregation, with the result that 
mitosis produces a daughter cell which lacks the segregating plasniid (17). Therefore, 
when the 65% suppression level seen in the total population is corrected for only those 
5 cells containing the lira Phased and ££c/2-based plasmids the level of suppression 
approaches approximately 100% (data not shown). Overall these data suggest that 
increasing the potential formation of dsRNA, but not necessarily an antisense 
RNA:target m.RNA hybrid isreqoi I for of! ici inte fere icc ofia get gene 
expression in 5, pombe. However, unlike the phenomenon of RNAi seen in plants and 
10 nematodes, the dsRNA-mediated gene suppression demonstrated in fission yeast seems 
to be dependent on the concentration of intracellular dsRNA or a threshold level of 
dsRNA is required to invoke potent gene silencing. 

EXAMPLE 4: Effect of a lacZ inverted repeat on lacZ gene expression. 

To further investigate the ability of dsRNA to inhibit gene expression in fission 

15 yeast we generated a vector containing the full-length 3.5 kb fjrameshifted lacZ sequence 
with a 2.5 kb inverted repeat. This construct generates a transcript of approximately 7 kb 
in length with 2,5 kb of self-complementarity which, predictably, will form a strong 
intramolecular RNA duplex. This gene was initially integrated into a fission yeast strain 
in single copy and then crossed with the strain RB3-2. The resulting strain which 

20 contained the single copy inverted repeat gene and target lacZ showed no reduction in 
p-galactosidase activity when transcription of the inverted repeat was activated. 
Southern analysis confirmed that the cassette was intact (data not shown) while RNA 
analysis indicated that the 7 kb transcript was being generated but approximately 10- 
fold less than episomally expressed anlisense lacZ (Fig. 4A&B). To increase the steady- 

25 staie level of the inverted repeat RN A we generated the episomal plasniid pM53 - 1 
containing this cassette. RNA analysis demonstrated that this vector is expressed at a 
similar level to episomally expre ' g 4 A). When expressed in RB3- 

2 pM53-l inhibited p-gal .. U id t ietivity by 40% (Fig. 2C), while addition of 
miarmne to the culture medium returned {5™galaefosk1ase aeti vity to control leve. 

30 To confirm that gene irMbition was due to tins construct forming an RNA 

duplex, an in vivo assay for dsRNA was developed. To this end, a series of vectors were 
generated which contained functional lacZ sequences including iacZ alone (pM85-l), a 
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lacZ inverted repeat (pMSl-2), and the tocZ repeat with both sequences in the sense 
orientation (pM.91-1) (Fig. 5A). These vectors were then introduced into a strain lacking 
the integrate : tence ("NCYC2037; fe+ ura4-D18) and resulting transformauts 

were overlayed with X-GAL-containing agarose. Both sixains containing control vectors 
5 generated high levels of p-galactosidase while the strain expressing the lacZ inverted 
repeat did not (Fig, 5B). hi each ease Northern analysis demonstrated that strains were 
expressing the transgene. These i l u i idic ate that the inverted repeat RNA could not 
be efficiently translated to produce p-galactosidase, most probably due to the formation 
of a strong intramolecular hairpin structure. Taken together, these results show that a 
1 0 construct which has the ability to form. dsRNA by intramolecular hybridization will 

interfere with target gene expression when expressed at high levels, again indicating that 
dsRNA mediates target gene suppression in a dose-dependent manner in fission yeast. 

EXAMPLE 5: Gene-specificity of dsRNA-meditated gene silencing in fission yeast. 

To test the ability ofdsRNA to specifically interfere with other target sequences 
15 in fission yeast, sense and antisense c-myc sequences were co-expressed m a strain 

containing an integrated c-myc-lacZ fusion cassette (Fig. ID; (3)). A 792bp antisense c- 
myc fragment from exon 2 of the human c-myc gene (named CM- 17) was previously 
found to suppress p-galactosidase activity within a c-myc-lacZ fusion target strain 
(AML1) by 47% (3). CM-17 was subsequently subcloned into pREP4 in the sense 
20 orientation to generate pN12-l . The antisense c-myc vector (pCM-17) and the sense c~ 
myc vector were transformed into AML1 both independently and together, p~ 
galactosidase assays demonstrated that co-expression of the antisense and sense 
constructs enhaueed c-myc suppression by an additional 13% compared with the 
antisense c-myc vector alone (Fig, 2D). Transformation of RB3-2 with the antisense and 
25 sense c-myc constructs resulted in no down-regulation of p-galactosidase activity 
indicating that the action of dsRNA is gene-specific (Fig. 2D). These results 
demonstrate that dsRNA can specifically interfere with multiple targets in fission yeast 
including one of human origin. 

EXAMPLE 6: Over-expression of a translation factor can enhance RNAi in fission 
30 yeast 
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The dose-dependency of dsRNA-niediated gene silencing in fission yeast 
described above has allowed us to use an over-expo i a t ttegj to identify genes 
involved in RNAi. In comparison to mutagenesis strategies, over-expression can enable 
the identification of genes which axe otherwise essential for cell viability. Also, cellular 
5 factors that quantitatively enhance or reduce RNAi activity can be determined. The first 
gene that we have tested in mediating RNAi activity in the present model has been the 
5'. pomhe ATP-dependent RNA helicase gene, dedL Dedl is an essential gene which 
has previously been characterized as a suppressor of sterility, a suppressor of checkpoint 
and stress response, and a general translation initiation factor. According to current 

1 0 models of dsRN A-mediated gene regulation an ATP-dependent RNA helicase may be 
required m conjunction with a dsRNA-dependent RNA polymerase for the formation of 
short single-stranded RNA fragments which specifically degrades target mRNA. We 
therefore reasoned that over-expression of this gene in fission yeast could enhance the 
efficiency of dsRNA-raediated gene silencing by stimulating the unwinding of dsRNA. 

1.5 Co-expression of the dedl vector with the antisense lacZ vector significantly enhanced 
dsRNA-mediated lacZ inhibition by a farther 50% compared to the antisense expressing 
strain (Fig. 6A). When dedl was over-expressed in the absence of the antisense lacZ 
vector, (3- galactosidase activity was comparable to control strains indicating that its 
effect dependen on the presence of dsRN ul g 6 A.) rhe dedl vector was also co- 

20 expressed with a short antisense lacZ vector which has previously been, shown to be less 
effective than the full-length antisense gene (2). Again, the over-expression of dedl 
stimulated dsRNA-mediated tacZ inhibition (Fig, 6B). We have thus shown that over- 
expression of an ATP-dependent RNA helicase greatly enhances RN Ai in fission yeast. 
Although an ATP-dependent RNA helicase has recently been suggested to be a key 

25 component in RNAi, this is the first demonstration of its intrinsic involvement. Further, 
it can clearly be rate limiting, as the over-expression leads to increased RNAi activity in 
this system. This ability of the <fe/2-encoded RNA helicase is consistent with its 
activities as a member of the DEAD box family of helicases, with their three core 
domains of ATPase, RNA helicase, and RNA binding activities. These could allow the 

30 enzyme to enhance gene suppression as follows: (i) in a dissociative mechanism it could 
mediate either the unwinding of dsRNAto generate a cRNA in conjunction with an 
RNA-dependent RNA polymerase or strand separation of fragmented dsRNA to 
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enhance binding to homologous transcripts, and/or (h) in an associative mechanism it 
could catalyse the ATF-dependeni exchange of the sense strand of the short dsRNA 
with the target mRNA. The presence of dedl homologues in other organisms displaying 
RNAi further supports the general involvement of this component in the RNAi 
5 machinery. 

EXAMPLE 7: Over-expression of a transcription factor can enhance RNAi in 
fission yeast. 

The second gene investigated was the nmtl transcription factor Ml. Tins gene 
has been shown to specifically up regulate nmtl expression when overexpressed in 

1 0 fission yeast. As we have previously shown that antisense SNA-mediated gene 

suppression is dose-dependent in S.pombe (1) it was hypothesized thai over-expression 
of thil would result in increased production of wm/jf -driven antisense lacZ SNA and a 
consequent enhancement in target gene suppression. The thil open reading frame was 
PCR-amplified and subcloned into pR£P4 as &BmnBJ. fragment. This vector was then 

15 transformed into RB3-27pGT2 and p-galactosidase assays performed. As predicted, lacZ 
suppression was enhanced when compared to a strain expressing antisense SNA alone 
(Fig. 7). This result indicated that host-encoded factors are present which modulate the 
efficacy of dsRNA-mediated gene suppression in fission yeast and also validated the 
over-expression strategy. 

20 EXAMPLE 8: Screening for novel RNAi modulating factors. 

Over-expression of a fission yeast cDNA library (5) in an antisense lacZ 
expressing strain, revealed a series of transfonnants in which p-galactosidase activity 
was significantly reduced from that demonstrated in antisense SNA-expressing strains 
alone. The screening strategy is shown in figure 8. Transformants were grown on 

25 selective plates and overtaxed vvi th X-GAL-contaming media to generate a blue 

phenotype which could be analysed visually in a semi-quantitative maimer (Fig, 9A){3). 
From 12.000 transformants screened, 48 were initially identified as having a reduced 
blue phenotype compared with background transfonnants. Of these, 25 demonstrated a 
reproducible enhancement in antisense RNA-raediated lacZ suppression when 

30 quantified by a liquid p-galactosidase assay (Fig. 9B). To demonstrate that the observed 
effec ts were dite to transcription of the cDNA insert, transformants were grown in the 
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presence of tMami&e. This repression of the rata I promoter resulted in a return to 
control levels of p*~galactoeidase activity in all tratisformants (Fig. 9B), This indicated 
that the enhanced suppression was due to expression of the eDNA rather than other 
geneti c events such as lacZ reporter mutations. To determine if the effect was dependent 
5 on the presence of dsRNA, the antisense plasraid was segregated oat of the 

transformants and the shams were again assayed for p-galactosidase activity. Nine of 
the 25 transformants demonstrated a return to the level of p- j .. i ; ds se seen in the 
parental strain indicating that the effect was dsRNA-dependent (Fig. 9B). The cDNAs 
being expressed in these transformants were named £NAi enhancing sequences (res). 

1 0 All transformants displayed normal growth phenotypes indicating that over-expression 
of the resident cDNAs did not affect general biology of the cell. In the absence of 
antisense RNA the remaining 16 transformants retained a reduced p-galactosidase 
activity indicating that the enhanced gene silencing was not. dependent on the presence 
of dsRNA. This suggests that the eDNA-encoded proteins in these strains could have 

15 been affecting lac'Z at the level of transcription or the stability or function of the protein. 

The library plasmids were recovered from the ae?-containing strains (also referre 
to as mv-contahiing strains) and their cDNA inserts sequenced. BTASTN and BLAST? 
analysis identified clones W18, W20, and W30 (named aesZ) as homologues of 
domains 2 and 3 of the mitochondrial elongation factor Tu (EF Tu). EF Tu is an 

20 essential protein which plays a role in u-ansportmg tRNA to the A site in the ribosome 
for peptide elongation. The cDNA in transformants W21, W23, and W32 (named tws3) 
was homologous to a putative protein that was identifi ed in a screen for fission yeast 
ORFs. Interestingly, the cDNA insert was also homologous to the antisense strand of 
the 3' UTR of the fission yeast gene sna4l which has previously been shown to be 

25 involved in DNA replication. It is thus possible that aes3 may operate through more 
than one mechanism in enhancing antisense RNA activity . Hie cDNA in transfomiaat 
W47 (named aes4) was homologous to the antisense strand of the ribosomal protein 
L7a, a component of the 60S ribosoraal suburai aes4 also contained a small ORF of 
unknown biological function. The inserts in transformants W27 and W28 (named aesl) 

30 shared homology with a putative protein from C. albicans that was identified in a screen 
for genes essential for cell growth. A tertiary quantitative p-galaetosidase assay was 
performed to obtain accurate levels of gene silencing augmentation in the antisense lacZ 
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sixains co-expressing these unique factors (Fig. 9C). This analysis showed that these co- 
factors enhanced antisense suppression by up to 50%. These results demonstrated that 
over-expression of a cDNA library was an effective way of identifying novel co-factors 
that magnify the suppressive effect mediated by antisense RNA. 
5 aesl shared 43% identity with ammo acids 4 to 202 of a C. albicans hypothetical 

protein (AJ390519). aes2 shared 99% identity with nucleotides .10452 lo 9484 of the 
translation elongation factor EF Tu (AL049769). aesS shared 94% identity with 
nucleotides 776 to 1 145 of D89239 S. pomhe ORF (BS9239) and 93% identity with 
nucleotides 3246 to 2876 of the antisense strand of the DNA replication factor sna4i 

1 0 (A B00 13 79). aes3 also contained a 220 nt stretch of a GA repeat sequence at its 3 ! end. 
aes4 shared 99% identity with nu . . > 678 ;o 8897 of the antisense strand of 
ribosoraal protein L7a (AJ001 133) and 99% identity with nucleoStides 1365 to 5S4 of the 
antisense strand of ribosomal protein L4 (AB0O575O). The reference numerals in brackets 
refer to accession numbers in the GeneBank database (the GeneBank database can be 

15 accessed from the following web site: http://ww.ncbi.nhiiJiih.gov/). 

EF Tu is analogous to the eukaryotie EFla and acts by transporting tRNA to the 
A site in the ribosome for peptide elongation. EFla is an essential protein which has 
also been implicated in a large array of cellular acti vities including actio binding, 
microtubule severing, cellular" transformation, cell senescence, protein ubiqtutination, 

20 and protein folding. Detailed analysis of the EF In-expressing strain showed that it 

enhanced antisense RNA-mediated lacZ silencing by an additional 15% (Fig. 9C). It has 
been proposed that dsRNA is fragmented into 21-25 nt species by dsRNA-specific 
nucleases, amplified by RNA-dependent RNA polymerase, and dissociated by an ATP- 
dependent RNA helicase. The small antisense fragments are then free to attack 

25 homologous mRNA by RNA nuciease-mediated degradation. It has recently been 

suggested that an associative mechanism could catalyse the ATP-dependent exchange of 
the sense strand of the short dsRNA with the target mRNA. This may involve the 
transport of fragmented dsRNA to the ribosome where, in a competitive reaction with 
tRNA complexes, the complementary antisense strand binds to the mRNA. This would 

30 permit the association of the antisense strand of the dsRNA with the target mRNA when 
the latter is in a structurally exposed state and both inhibit translation and target the 
mRNA for ribouuclease degradation. Without wishing to be bound by any particular 
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mechanism of action. EF Tu could act by binding to RNAi-dependeut short dsRNA 
species and bring them to the site of action. 

The protein encoded by sn&tl has previously been shown to be involved m 
DNA replication, ,s»a4i has low homology with CDC4S and might have DMA helica.se 
5 properties which could facilitate the expression of complementary sequences. It is 

conceivable that the antiseaase piasmid and target DNA sequences may ectopieally pair 
by intennolecular complementarity. Such pairing may inhibii RNA expression and 
consequently reduce the level of intracellular dsRNA. Similarly the intramolecular' 
pairing of inverted repeat DNA sequences may also interfere with RNA expression. The 

10 over-expression of a protein with DNA helicase properties could facilitate the 

generation of more dsRNA which could in torn enhance the RNAi effect. Furthennore, 
CDC45 mutants show an increased rate of piasmid segregation. If piasmid loss is 
inhibited by over-expression of sna41 then more dsRNA may be generated leading to 
more effective RNAi in this system, hi this light it is not unreasonable to expect that 

1 5 other proteins norm ally involved in DNA and/or RNA metabolism and function could 
also have a role hi RNAi modulation and/or enhancement. 

The L7a protein is part of the 60s ribosomal sub-unit. Without wishing to be 
bound by any particular mechanism of action, RNAi augmentation by over-expression 
of this protein is reasonable as it is hypothesised feat the short dsRNA species may 

20 undergo strand displacement with target mRNA at the ribosome. The L"7a ribosomal 
protein may act in RNAi by i) mediating docking of dsRNA or its unwound form into 
the A site of the ribosome, ii) assisting in association of the aotisense strand with the 
target mRNA, and/or iii) shuttling of dsRNA to the ribosomal complex. 

Nucleotide sequences representative of the am factors referred to above are 

25 provided below and identified as Seq ID Nos 1 to 4 : 

DNA sequence lor aesl factor {Seq ID No 1) 

:ri' , :r>^C'rTT\GTTCGGTTTGTTAaATTGGCCTCGAGGTCGACGTTAA.TTAAGCCGCAATT 
GTAACAGTAGATTTTTTGCATCATTATmCTCTCCGAAACATGACTGAACACTCATTTA 

30 3ATG ' AAAAGGA 3CAGCAGATTGCCAAGTGGACAAATTTATC 

TGAGACAAC.ATTTGTTCmAAGCCGACAATCGATAAAGCAGATTACAGACTTCGTATAT 
TTACCCCAGAA.TGTGAATTAAGCTrTGCTGGTCACCCAACAATTGGA.TCGTGCTTTGCT 
GTTGTTQ&&&GTGGATATTGTACTC 
CGGTTmGTTGAATTAAeTATCGATGGGG^ 

35 AACTTCGG1ATTACAAAJ\TTTTACAGACTTCTGAAACTGCAATTTCAGAAGTAGAAAAT 
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GCATTGGGTATTCCTCTGiyiTTATAGTTCTCAAGTTTCTCCTCCTGTGTTAATAGATGA 
TGGACCAAAGTGGCTTGTAATTCAACTTCCAAACGCTACAGATGTGCTC^CCT(>:^TTC 
CGAAA'I'TTCAGTCCCTTTGCCAAXjTTTGTAAAAACAATGATTGGATAGGCGTCACCCGT 
CTTTGGTGAATTAGAWlGACTCGTTTGAAAGCCCGAAGCTTTGCGCCTTTAATACATG 
5 TCAATGAGGATCCGGCTTGCGGTASTGGTGCAGGAGCTGTCGGTGTQ'rATAT'rGGAAGC 
TCTCAAAAAACTCCAACTTCTCmTCATTTACGATTTCTCAAGGTACAAAATTAAGTAG 
ACAAGCAATTTCCAAAGTCAGCGTAGACGTTTGCTCCAATAAATCAATTGCT6TTTTTG 
TGGGTGGA'CAGGCAAAAACTTGTATTTCTGGAAAATCGTTTATTTA&TGTTTTTATTAC 
AAATATTCACTTGCGAGTTTATTTTCCAATACTGAAGACTTTCAATCAAmGCAAATAT 
1 0 GCTACTCAAGGAAGTTCACTCATTCAAAAGCAATTGGTTTACTATATCGTTTTTTCTAA 
CTAGTTACTAGTCATTGAACAATClACCGAATGATAAAATGAAAlTTT'GGTT'rTTCGCC 
GGGTAAAAGGAATGTCTCCCTTGCCAGTACTGCTAGGGTTTTTCTTTCGAACTATAAGA 

DNA sequence for aes2 factor (Seq IJ> No 2) 

15 AGTCCGCTTTGTTAAATTGGCCTCGAGGTCGACGTTAATTAAGCCTGATATGATCGAGC 
TTGT(jGAAA'rGGA/vAi:GCGTGAGCTACTCTCCGAATACGGATTTGATGGTGACAATACT 
CCAATTGTTAGCGGCAGTGCTTTATGTGCCTTAGAGGGTCGTGAGCCTGAGATTGGTCT 
CAATAGTATTACTAAATTGATGGAAGCTGTTGATAGTTATATTACTCTTCCTGAAAGAA 
AAACGGATGTCCCTTTCTTGATGGCCATCGAGGACGTTTTTTCAATTTCAGGTCGCGGA 

20 ACTGTAGTCACTGGCCGTGTCGAGCGCGGTACTTTAAAGAA.GGGTGCTGAftATCGAAAT 
CGTCGGTTATGGTAGCCATTTAAAGACTACCGTTACTGGAATTGAAATGTTCAAAAAGC 
AGCTTGATGCCGCCGTTGCCGGTGACAATTGTGGCCTTTTACTTCGTTCTATCAAGCGA 
GAGCAATTAAAACGTGGAATGATTGTCGCTCAACCAGGAACCGTTGCTCCTCATCAGAA 
ATTCAAGGGATCATTCTATATTTTGACAAAAGAGGAAGGAGGTCGTCGTACCCGGTTTC 

25 GTTGACAAGTATCGTCCCCAACTGTACAGTCCGTACTTCCGACGTTACTGTCGAACTTA 
CCCACCCTGATCCTAACGACTCAACAAAATGGTTATGCCTGGAGACAATGTCGAGATGA 
TCTGTACGCTTATTCACCCCATTGTCATCGAAAAAGGACAACGCTTCACAGTTCGTGAG 
GGTGGAAGCACTGTAGGCACAGCTTTGGTTACI'GAACTTTTGGATTAGTGCATTTATGA 
AGTTATTGGCTTTAAAAATTTTGCATGCTGAATACCAATATTATGTCCCTTCTCAGAAT 

30 TCTATAACTACAGTGTCATTATTGTAATAAGACTTTTGCATCCATTGACAATGGTATTT 
GATACTTTTATAGTTTCTACTATTGTTAGCCAAAGTTATAAAACAAATAATAAAATAAC 
GTTGAAi'CAAAAAAAAAAAA^.AAAAAGCGGCCGCGGATCCCCGGGTAAAAGGAATGTC 
TCCCTTGCCAGTACTGCTA,GGGTTTTTCTTTCAAACTATGGGA 

DNA sequence for aes3 factor (Seq ID No 3) 

35 ATTTCAGACGCAATTCACATGGCTTTTGACTGTATTGCTATTCTTGTCGGTTTAGTTGC 
TACGACGCTTGCCAAGATGCCTCTAAATTATGCTTACCCCTTTGGATTT3CAAAAATTG 
AGGCTCTTTCGGGTTTCAC1AATGGTATTTTTTTAGTTTTGATTTCATTTTCTATCGTC 
GGCGAGGCATTATATAGGTTATTTCATCCGCCCCAAATGAATACCGACCAATTGTTGTT 
GGTTAGTTTTTTGGGCCTTGTTGTGAATTTGGTAGGTATCCTAGCGTTCAATCATGGGC 

40 ATAATCATGATCATGGGTCTCATCACCATCATTCCCATAGTAATCATAGTATGTGTCrG 
CCTAACACTACAA&TGATATAAATATTTTTC 

TGAAGCCCAGAAAATGGGCTATACGA^TGACGATCACGTATCCCAACATGAikCATACCC 
ATGAGAATAGTCAGGAACATCACCATGAGCATAACCACAATCATGATCACATCCATAAA 
TACAATGAAAAATGCGACCATGAAAGCATAAGTCTCCAGAATTTAGACAATGATCATCA 
45 CTGTCATCATC^CCATGAAAATCATAATATGCATGGCATATTTCTGCAm 

ATACTATGGGCTCTGTTGGAGTTATTGTCTCmCTATATTAAmCAGTGGTTTTCATGG 
ACCGGTTTTGATCCTTCGGC!ATCTCTAATAATTGCTGCATTAATATTTGTTTCTGTACT 
TCCATTAATTAAAGATTO * i SAI PTG TGTGACTGATCCAGAATCCGAGT 
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ATTTATTGAAGCAGTGTTTGTCGAACA.TC 

AACCCTAAGTTCTGGACAA^CGMAGAGGTGAAGTGTATGGAATACTCCL%TATTCAGGT 

TCTGAATCG 

CTGTACCAAATTTAAAAeACATTTGTATACA^ 
5 GGAAAATAGTTCTTACATCAGTTGAl'ATCCAIACTTATTTACGTGTAATTTTAA.TTAGA. 
TGAM'TAATATTTTCTTTATTAGC 

DNA sequence for aes4 factor (Seq ID No 4} 





T T ALAoATaTAAC\T^TGTC\ACGCr \ M ilATAA 

10 ACTTCTCCCAAAAGAACTTAAGAATTTCCATTTTCAATCCAGATGAATTTATTTAAGAG 
ACGAACAGTAGC{^CAG(::AGCCTTAGCACGCTTAGCGAGCAAAGCTTGGGTCTTACCAC 
CCATGATACCCACCACCCCACTTACGACGGGCTTTCGTCGTACTTAGCAGAGAAGTTAG 
CA PC? M ' 8 2AATAGAAGCGAGTTCGTTCTTGTCTTCCTCACGGACCTCAGTG 

ACAGCTAAAACAGCAGCAGTCTT1'TC3GTGAJ\TGACAj3TACCAAGGCGGGCCTTGTTCTT 
15 GACAATGGCATAAGGAACACCCATCTTCTT(3C:ACAAA.6CAGGCAAGAAAACGACGAGTT 
CAATGGGGTCGAGATGGCTGGCAAIGAGAACCAACTTAGGCTTCTTGGCGTCAATGAGA 
GCTACAACATGGTTCAAACCATATTTAACATTGTAAGGCTTCTTAGAGAGGTCTTGAGC 
AGACTTGCCGTTGGCAACAGCCTCGGCTTCAGCAACCAAACGTTGCTTCTTTTCTGCAG 
CAGTCTCAGGACGGTACTTGTTAAGCAACTTGAAGACCI'GACSTAJGCAGTGTTTTTGTCC 
20 AAAGTCTTCTGG.AACTGAGCAATGGCAGGAGGAACCTTCAAACGCAAGT'TCAAAATCTT 
GCGACGGCGTTGAAGGCGGATATACTCAGGCCACTTAACAAAACGGCTCAAGTCACGCT 

taggttggatgtcttgtcccccgggtaaaaggaatgtctcccttgccagtactgctagg 
gtttttcgttcgaataaggcc 

EXAMPLE 9. Effect of novel KNAi factors on antisense RNA and dsKNA- 
25 mediated gene regulation 

With recent studies on PTGS suggesting that antisense RNA, co-suppression, 
and dsRNA-mediated interference may share similar mechanisms, we wanted to 
determine whether over-expression of an aes factor would also enhance dsRNA- 
mediated regulation. Having demonstrated that d&RNA could mediate gene suppression 

30 in this fission yeast model, the effect of an antisense enhancing sequence on dsRNA- 
mediated regulation was tested. To tins end, the aes2 gene was co-expressed with the 
kcZ panhandle construct in a yeast strain containing the laeZ target gene. Wider these 
conditions, this transforroant displayed an additional 30% suppression of p- 
galactosidase activity when compared to the transformant expressing only the panhandle 

35 lacZ RNA (see Figure 10). This result shows that the aes2 gene, encoding the two 
domains of the mitochondrial elongation factor EF To, stimulated not only antisense 
RNA- but also dsRNA-mediated gene inhibition. 

Further it was shown that these two forms of regulation are related by over- 
expressing the AXP-dependeat RNA hehcase dedl in die presence of lacZ antisense 
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RNA and showing that this helicase enhanced gene suppression by a further 50% 
compared to the control strain (example 6), dedl was tested on both active and inactive 
antisense plasmids and demonstrated that dedl aiigmentaliou of gene silencing was 
dependent on an active antisense RKA (see Figure 1 1), This could be due to the absence 
5 of RNA duplex formation with the inactive antisense RNA and the consequent lack of a 
substrate tor the RNA helicase. 

The methods of the present invention have utility in demonstrating a range of 
RNAi efficacies, in identifying new factors which enhance or reduce gene silencing, in 
inMbiting gene expre ssion or inci eas r nsitivity to antisense inhibition of gene 

1 0 expression, in the treatment or prevention of disorders which require inhibition or down- 
regulation of gene expression. 

Although the present invention has been described with ref erence to specific 
examples and preferred embodiments it will be clear to those skilled in the art that 
variations and modifications which do not depart from the concept and the spirit of the 

1 5 invention described herein are also contemplated as being wi thin the scope of the 
present, invention. 
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CLAMS DEFINING THE INVENTION ARE AS FOLLOWS; 

1 , A method for inhibiting the expression of a target nucleic acid in a cell, which 

method comprises the steps of 

(i) elevating in the cell the level of an RNAi factor, and 
5 (ii) prior, concurrently with or subsequent to performing step (i), introdnc-ing into 
the cell a molecule which is. or gives rise to, an anti-sense nucleic acid directed toward 
at least a portion of the RNA. transcript of the target nucleic acid, under conditions 
permitting the RNAi factor to increase the degree to which the anti-sense nucleic acid 
inhibits expression of the target nucleic acid. 

1 0 2. A method of increasing cellular susceptibility to anti-sense-mediated inhibition 
of target nucleic acid expression, which method compri ses elevating the level of an 
RNAi factor in a cell that expresses said target nucleic acid, with the proviso that the 
cell is to have prior, concurrently or subsequently introduced thereinto a molecule which 
is, or gives rise to, an anti-sense nucleic acid directed toward at least a portion of the 

1 5 RNA transcript of the target nucleic acid under conditions permitting the RNAi factor to 
increase the degree to which the anti-sense nucleic acid inhibits expression of the target 
nucleic acid. 

3 . A method for treating a subject suffering from a disorder whose alleviation is 
mediated by inhibiting the expression of a target nucleic acid, which method comprises 

20 the steps of 

(i) elevating the level of an RNAi factor in the subject's cells where the target 
nucleic acid is expressed, and 

(ii) prior, concurrently with or subsequent to performing step (i), introducing into 
such cells a molecule which is, or gives rise to. an anti-sense nucleic acid directed 

25 to ward at least a portion of the RNA transcript of the target nucleic acid, under 

conditions permitting the RNAi factor to increase the degree to which the anti-sense 
nucleic acid inhibits expression of the target nucleic acid, thereby treating the subject 

4. A method for inhibiting in a subject the onset of a disorder whose alleviation is 
mediated by inhibiting the expression of a target nucleic acid, which method comprises 

30 the steps of 

(i) elevating the level of an RNAi feetor in the subject's cells where the target 
nucleic acid would be expressed if the subject were suffering from the disorder, and 
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(ii) prior, concurrently with or subsequent to performing step (i\ introducing into 
such cells a molecule which is, or gives rise to, an anti-sense nucleic acid directed 
toward at least a portion of the RNA transcript of the target nucleic acid, under 
conditions permitting the RNAi factor to increase the degree to winch the anti-sense 
5 nucleic acid would inhibit expression of the target nucleic acid were such expression to 
occur, thereby inhibi ting in the subject the onset of the disorder. 

5 . A method of determining whether inhibi ting the expression of a particular target 
nucleic acid or the activity of its product may alleviate a disorder, which method 
comprises the steps of 

1 0 (i) elevating the level of an RNAi factor in a cell whose phenotype correlates with 
that of a cell from a subject having the disorder; 

(ii) prior, concurrently with or subsequent to performing step (i), introducing into 
the cell a molecule which is, or gives rise to, an anti-sense nucleic acid directed toward 
at least a portion of the RNA transcript of the target nucleic acid under conditions 

15 permitting the RN Ai factor to increase the degree to which the anti-sense nucleic acid 
inhibits expression of the target nucleic acid; and 

(iii) determining whether the cell's phenotype now correlates with that of a cell from 
a subject in whom the disorder has been alleviated or the disorder is not evident, 
thereby detemhning whether inhibiting the expression of the target nucleic acid or the 

20 activity of its product may alleviate the disorder. 

6. A method according to any one of claims 1 to 5, wherein the target nucleic acid 
is an exogenous nucleic acid or a part thereof 

7. A method according to any one of claims 1 to 6, wherein the level of the RNAi 
factor is elevated by introducing into the cell additional copies of or agents which give 

25 rise to, tire RNAi factor. 

8. A method according to any one of claims 1 to 7 ? wherem the factor is selected 
from the group consisting of a gene, cDNA, RNA or a protein. 

9. A method according to any one of claims 1 to 8. wherein the factor is selected 
from the group consisting of a transcriptional activator of the autisense nucleic acid, a 

30 component of the RNAi machinery, a component of the DNA replication machinery and 
a component of traits iationai machinery. 
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10. A method according to any one of claims 1 to 9, wherein the RNAi factor is an 
res sequence. 

11. A method according io claim 10, wherein the factor is selected from the group 
consisting of ATP-dependcnt RNA helicase (dedl), transcriptional factor thil, DNA 

5 replication protein sna41 J rihosojnal protein L7a, elong ion act EF-Tu and res I as 
herein defined. 

12. A method according to claim 1 1 , wherein the res sequence is obtainable from 
transformed cells designated herein W18, W20, W2I, W23, W27, W28, W30, W32 and 
W47, 

10 13. A method according to claim 1 1, wherein the res sequence is represented by Seq 
ID Nos 1 to 4. 

1 4. A method according to any one of claims 1 to 1 3, wherein the cell is a 
eulcaryotie cell. 

15. A method according to 1 4, wherein the eukaryotic cell is a mammalian. 
15 16. A method according to claim 1 or claim 2 } wherein the cell is a 

Schizosaccharomyces pombe cell. 

17. A method according to any one of claims 1 to 16, wherein the antisense nucleic 
acid corresponds to a part of the target nucleic acid, 

18. A pharmaceutical composition for use in performing the method of any one of 
20 claims 2 to 17 comprising 

(i) an expressible nucleic acid encoding, or capable of increasing or decreasing the 
expression of. an RNAi factor; 

(it) a nucleic acid encoding a molecule which is, or gives rise to, an anti-sense 
nucleic acid directed toward at least a portion of the RNA transcript of the target nucleic 
25 acid; and 

(Hi) a pharmaceutical^- acceptable carrier, 

wherein the nucleic acids of (i) and (ii) may be situated on the same or different 
molecules. 

19. A pharmaceutical composition for use in performing the method of any one of 
30 claims 2 to 1 7 comprising 

(i) an nucleic acid which is the target nucleic acid or a part thereof, or an 
expressible nucleic acid encoding a factor capable of ilai leve I of 

the target nucleic acid; 
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(ii) a nucleic acid encoding a molecule which is, or gives rise to, an. anti-sense 
nucleic acid directed toward at least a portion of the RNA transcript of the target nucleic 
acid; and 

(hi) a pharmaceutically acceptable carrier, 
5 wherein the nucleic acids of (i) and (ii) may be situated on the same or different 
molecules. 

20. A cell having increased susceptibility to anli-saase-mediated inhibition of a 
target j iu( ! presses a target nucleic acid and (ii) 
comprises an elevated level of an RNAi factor, with the proviso that the cell is to have 

10 introduced thereinto a molecule which is, or gives rise to, an anti-sense nucleic acid 
directed toward at least a portion of the RNA transcript of the target nucleic acid under 
conditions pemuttuig the RNAi factor to increase the degree to which the anti-sense 
nucleic acid inhibits expression of the target nucleic acid, 

21 . A ceil according to claim 20, wherein the cell is a aukaryotic cell . 
1. 5 22 . A. cell according to claim 20 or claim 2 1 , wherein the cell is a 

Schisosaccharomyces pombe cell. 

23 . A method for inhibiting the expression of a target nucleic acid in a cell, which 
method comprises the steps of 

(i) augmenting the level of the target nucleic acid or a part thereof in the cell, and 
20 (ii) prior, concurrently with or subsequent to perforanng step (i), introducing into 
the cell a molecule which is, or gives rise to, an anti-sense nucleic acid directed toward 
at least a portion of the RNA transcript of said tar-get nucleic acid, under condi tions 
permitting an increase in the degree to which the anti-sense nucleic acid inhibits 
expression of said target nucleic aci d, 
25 24, A method of increasing cellular susceptibility to anti-sense-mediated inhibition 
of a target nucleic acid expression, which method comprises augmenting the level of the 
target nucleic acid or a part thereof in a cell expressing the target nucleic acid, with the 
proviso that the cell is to have prior, concurrently or subsequently introduced thereinto a 
molecule which is, or gives rise to, an anti-sense nucleic acid directed toward at least a 
30 portion of the RNA transcript of the target nucleic acid under conditions permitting the 
increase in the degree to which the anti-sense nucleic acid inhibits expression of the 
target nucleic acid. 
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25. A method for treating a subject suffering from a disorder whose alleviation is 
mediated by inhibit: i , i »sion uf a target nucleic acid, which method comprises 
die steps of 

(i) augmenting the level of said target nucleic acid or a part thereof in the subject's 
5 cells where the target nucleic acid is expressed, and 

(ii) prior, concurrently with or subsequent to performing step (i), introducing into 
such cells a molecule which is, or gi ves rise to, an anti-sense nucleic acid directed 
toward at least a portion of the RNA transcript of the 1 icleie acid, under 
conditions permitting an increase in the degree to which the anti-sense nucleic acid 

10 inhibits expression of the target nucleic acid, thereby treating the subject. 

26. A method for treating a subject suffering from a disorder whose alleviation is 
mediated by inhibiting the expression of a target nucleic acid, which method comprises 
the steps of 

(i) augmenting the level of the target nucleic acid or a part thereof in the subject's 
1 5 cells where the target nucleic acid is expressed, and 

(ii) prior, concurrently with or subsequent to performing step (i), introducing into 
such cells a molecule which is, or gives rise to, an anti-sense nucleic acid directed 
toward at least a portion of the RNA transcript of the target nucleic acid, under 
conditions permitting an increase in the degree to which the anti-sense nucleic acid 

20 inhibits expression of the target nucleic acid, thereby treating the subject. 

27. A method for inhibiting in a subject the onset of a disorder whose alleviation is 
mediated by inhibiting the expression of a target nucleic acid, winch method comprises 
the steps of 

(i) augmenting the level of the target nucleic acid or a part thereof in the subject's 
25 cells where the target nucleic acid would be expressed if the subject were suffering from 

the disorder, and 

(ii) prior, concurrently with or subsequent to performing step (i), introducing into 
such cells a molecule which is, or gives rise to, an anti-sense nucleic acid directed 
toward at least a portion of the RN A transcript of the target nucleic acid, under 

30 conditions permitting an increase in the degree to which tire anti-sense nucleic acid 
would inhibit expression of the target nucleic acid were such expression to occur, 
thereby inhibiting in fee subject the onset of the disorder. 
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28. A method of determining whether inhibiting the expression of a particular target 
nucleic acid or the activity of its product may alleviate a disorder, which method 
comprises the steps of 

(i) augmenting the level of the target nucleic acid in a cell whose phenotype 
5 correlates with that of a cell from a subject having the disorder; 

(li) prior, concurrently with or subsequent to performing step (i), introducing into 
the cell a molecule which is, or gi ves rise to, an anti-sense nucleic acid directed toward 
at least a portion of the RNA transcript of the target nucleic acid under conditions 
permitting an increase in the degree to which the anti-sense nucleic acid inhibits 

10 expression of the target nucleic acid: and 

(iii) deterrnining whether the cell's phenotype now correlates with that of a cell from 
a subject in whom the disorder has been alleviated or the disorder is not evident, 
thereby determining whether inhibiting the expression of the tar-get nucleic acid or the 
acti vity of its product may alleviate the disorder. 

1 5 29. A m ethod according to any one of claims 23 to 28, wherein the target nucleic 
acid is an exogenous nucleic acid or apart thereof. 

30. A method according to any one of claims 23 to 29, wherein the level of the 
target nucleic acid is augmented by introducing into the cell additional copies of, or 
agents which are capable of inducing intracellular over-expression of the target nucleic 
20 acid. 

3 1. . A. method according to any one of claims 23 to 30, wherein the cell is a 
eukaryotic cell. 

32. A method according to 3 1 , wherein the eukaryotic cell i s a mammali an. 

33. A method according to claim 23 or claim 24, wherein the cell is a 
25 Schizosaccharomyces pombe cell, 

34. A method according to any one of claims 23 to 33, wherein the antisense nucleic 
acid corresponds to a part of the target nucleic acid. 

35. A ceil having increased susceptibility to a iti i ted inhibition of a 
target nucleic acid expression, which cell (i) expresses said target nucleic acid and (ii) 

30 comprises an elevated level of said target nucleic acid, with the proviso that the cell is to 
have introduced thereinto a molecule which ? < esi ense nucleic 

acid di reeled m I ■ e ast a portion of the RNA transcript of the target nucleic acid 
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•under conditions perautting the KNAi factor to increase the degree to which the anti- 
sense nucleic acid inhibits expression of the target nucleic acid. 

36. A cell according to claim 3 5, wherein the cell is a eukaryotie cell. 

37. A cell according to claim 35 or claim 36, wherein the ceil is a 
5 Schizosacchammyees pomhe cell. 

38. Method of identifying a cellular factor capable of effecting and/or modulating 
expression of a target nucleic acid in a cell having the targe t nucleic acid and a nucleic 
acid which is an antisense of the target nucleic acid or part thereof which method 
comprises over-expressing said factor in the cell and wherein the expression of the 

1 0 target: nucleic acid is capable of being enhanced or only partially suppressed. 

39. A factor identified by the method of claim 38 . 

40. A factor according to claim 39, wherein the factor is selected from the group 
consisting of a gene, e-DNA, RNA or a protein. 

41 . A factor according to claim 39 or claim 40, wherein the factor is selected from 
1 5 the group consisting of a transcript) on a t activator or the antisense nucleic acid, a 

component of the RNAi machinery, a component of the DNA replication machinery and 
a component of transMonal machinery, 

42. A factor according to any one of claims 39 to 41, wherein the factor is an res 
sequence. 

20 43. A factor according to claim 42, wherein the factor is selected from the group 
consisting of A7"P-dependent R\ \ 1 . ) transcriptional factor ihiJ, DNA 

replication protein sna41, ribosomai pratein L7a, elongation factor EF-Tu and res J as 
herein defined. 

44. An RNAi factor which is an res sequence obtainable from transformed cells 
25 designated herein W 1 8, W20, W21, W23, W27, W2S, W30, W32 and W47. 

45. An RNAi factor which is an res sequence represented by Seq ID Nos 1 to 4. 

46. A Schizosaccharomyces pomhe cell having a target nucleic acid or a part thereof 
and a antisense nucleic acid or a part thereof which corresponds to the target nucleic 
acid or apart thereof wherein the expression of die target nucleic acid is capable of 

30 being enhanced or only partially suppressed 
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DNA sequence for aesl factor (Seq IB No. X) 

TTTAACTTAGTTCGCTTTGTTAAATTG^ 

GTAACAGTAGA E I'TTGCATCA TATTACTCTCCGAAACATGAC 1 GAACACTCATTTA 
5 AGCAAATAGACGTG1TTTCTAATAAAGGTTTTCGAGGTA.A.TCCTGTTGCAGTTTTTTTT 
GATGCAGATA^TTTATCA.CAAAAGGAAATGCAGCAGATTGCCAAGTGGACAAATTTATC 
TGA3ACAACATTTGTTCAAAAGCCGACAATCGATAAAGCAGATTACAGACTTCGTATAT 
TTACCCCAGAATGTGA^TTAAGCTTTGCTGGTCBXCCAACAATXGGATCGTGCTTTGCT 
GTTGTTGAAA.GTGGATATTGTACTCCAAAAAACTGTAAAATTATTCAGGAATGTTTAGC 

1 0 CGGTTTAGTTGAATTAACTATCGATGGGGAAAAGGATGAAGAG\CTTGGATTTCTTTCi\ 
AACTTCCGTATTACAAAAXTTTACAGACTTCTGAA^CTGCAATTTCAGAAGTAGAAJL^T 
GCATTGGGTATTCCTCTGAATTATAGTTCTCAAGTTTCTCCTCCTGTGTTAATAGATGA 
TGGAGCAAAGTGGCTTGTAa.TTCAACTTCCAAACGCTACAGATGTGCTCAAGGTCGTTC 
CGAAATTTCAG-TCGCTTTCCCAAGTTTGTAAAAAGAATGATTGGATAGGCGTCACCGGT 

15 CTTTGGTGAATTAGAAAAGACTCGTTTGAAAGCCCGAAGCTTTGCGCCTTTAATACATG 
TCAATGAGGATCCGGCTTGCGGTAGTGGTGCAGGAGCTGTCGGTGTGTATATirGGAAGC 

ACAAGCAATTTCCAAa.GTCAGCGTAGACGTTTCCTCCAATAA^TCAATTGCTGTTTTTG 
TCGGTGGACAGGCAAAAACTTGTATT7CTGGAMATCGTXTATTTAATGTTTTTATTAC 
20 AAATATTCACTTGCGAGTTTATTTTCCAATACTGAAGACTTTCAATCAATAGCAAATAT 
GCTACTaAAGGAAGTTCACTCATTCAAAAGCAATTGGTTTACTATATCGTTTXTTCTAA 
CTAGTTACTAGTCATTGAACA&TCTACCGAATGATAAAATGAAATTTTGGTTTTTCCCC 
t \ >A ? A SGAATGTCTCCCTTGCCAGTAOTC^AGGGTTTTTCTTTCGAACTATAAGA 
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ON A sequence for aes2 factor {Seq 10 No 2) 

AGTCCGCTTTGTTA2ATTGGCCTCGAQGTCGACGTTAATTAAGCCTGATATGATCG&GC 
5 TTGTCGAAATGGAAATGCGTGAGCTACTCTCCGAATACGGATTTGATGGTGACAATACT 
CCAATTGTTAC-CGGCAGTGCTTTATGTGCCTTAGAGGGTCGTGAGCCTGAGATTGGTCT 
CAATAGTATTACTAAATTGATGGAAGCTGTTGATAGTTATATTACTGTTCCTGAAAGAA 
AAACGGATGTCCCTTTCTTGATGGCCATCGAGGACGTTTTTTCAATTTCAGGTCGCGGA 
ACTGTAGTCACTGGCCGTGTCGAGCGCGGTACrTTAAAGAAGGGTGCTGAAATCGAAAT 
10 CGTCGGTTATGGTAGCCATTTAAAGACTACCGTTACTGGA a .TTGAAATGTTCAAAAAGC 
AGCTTGATGCCGCCGTTGCCGGTGACAA1TGTGGCCTTTTACTTCGTTCTATCAAGCGA 
GAGCAATTAAAACGTGGAATGATTGTCGCTCAACCAGGAACCG'rTGCTCCTCATCAQAA 

attcaaggcatcattctatattttgacaaaagaggaaggaggtcgtcgtacccggtttc 

GTTGACAAGTATCGTGCCCAACTGTACAGTCCGTACTTCCGACGTTACTGTCGAAGTTA 
15 C C C ACC CTG AT C CT AAC GACT CAACAAAATG GTTATGCCTGGAGAC AATGT CGAG ATG A 
r - " I'TAI 7CACCCCATTGTCATCGAAAAAGGACAACGCTTCACAGTTCGTGAG 
GGTGGA\GCACTGTAGGCAGAGCTTTGGTTACTGA»\C'rtTTGGATTAGTGCATTTATGA 
ACTTATTGGCTTTAAAAATTTTGCATGCTGAATACCAATATTATGTCCCTTCTCAGAAT 
TCTATAACTACAGTGTCATTATTGTAATAAGACTTTTGCAXCCATTGACAATGGTATTT 
20 a\TACXTTTATAGTTXCTACTATTGTTAGCCAAAGTTATAAAACAAATAATAAAATAAC 
GTTGAATCMAA\AAAAAAAAAAAAJLAGCGGCCGCGGATCCCCGGGTAAAAGGAATGTC 
TCCCTTGCCAGTACTGCTAGGGTTTTTCTTTCAAACTA'TGGGA 
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DNA sequence for aes3 factor (Seq H> No 3) 

ATTTCAGACG»ATTCACATGGCTTTTQACTGTATTGCTATTCTTGTCGGTTTAGTTGC 
5 TACGACGCTTGCCAAGATGCCTCTAAATTATGCTTACCCCTTTGGATTTGC2yU\AATTG 
AGGCTCTTTCGGGTTTCACTAATGGTATTTTTTTAGTTTTGATTTCATTTTCTATCGTC 
GGCGAGGCATTATATAGGTTATTTCATCCGCCCCAAATGAATACCGACCAATTGTTGTT 
GGTTAGTTTTTTGGGCCTTGTTGTGAATTTGGTAGGTATCCTAGCGTTCAATCATGGGC 
ATAATCATGATCATGGGTCTCATCACCATCATTCCCATAGTAATCATAGTATGTGTCTG 
1 0 ' CCTAACACTAeAAAIGATATAAATATTTTTGAAGAGTTTGAAGAAGAAAAAGATAATGT 
TGAAGCCCAGAAA^TGGGCTATACGAATGACGATCACGTA^'CCCAACATGAACa.TACCC 
ATGAGAATAGTCAGGAACATCACCATGAGCATAACaACAATCATGATCACATGCATAAA 
TACAA.TGAAaJ^A.TGCGACCATGA 

CTGTCATCATCACCATGAAAATCATAATATGCATGGCATATTTCTGCATATTATCGCAG 
15 ATACTATGGGCTCTGTTGGAGTTATTGTCTCTACTATATTAATACAGTGGTTTTCA'rGG 
ACCGGTTTTGATCCTTCGGCATCTGTAATAATTGCTGCATTASVTATTTGTTTCTGTACT 
TCCATTAATTAAAGATTCGGCGAAGAATTTGCTCTCTGTGACTGATCCAGAATCGGAAT 
ATTTATTGAAGCAGTGTTTGTCGAACATCAGTT'TAAGTCACTCCGTTGTCAGTTTATCC 
AACCCTAAGTTCTGGACyWiCGAAA.GAGGTGAAGTGTATGGAArACTCCATATTCAGGT 
20 GAGC?i.TAGACGGTGATTTAAACGTGGTTCGTAATGAAGTATTTAGGAAGCTCTCAATCG 
CTGTACCAAATTTAAAAC^CATTTGTATACAATCTGAACGGCCAAACAATTGCTGGTGT 
GGAAAAXAGTTCTTACATCAGTTGATATCCATACTTATTTACGTGTAATTTTAATTAGA 
TGAAT'rAATATTTTCTTTATTJMSC 



SUBSTITUTE SHEET {RULE 26) RO/AU 



WO 01/92313 



15/15 



PCTVAI.iOI/00627 



DNA sequence for aes4 factor (Seq 10 No,4) 

tttactttagtcoctttgttaaa^ 
5 xar.qagatataacatatqtcaacgcgtcattgattaactacataa.cacgccaattataa 
acttctcccaaisjvgaacttaagaatttccattttcaatccagatgaatttatttaagag 
acga a .cagtagcggc^gcagccttagcacgcttagcgagclaaagcttgggtcttaccac 
ccatgatacccaccaccccacttacgacgggctttcgtcgtacttagcagagaagttag 

CATCAACGGCGGAGACAATAGAAGCGAGTTCGTTCTTGTCTTCCTCACGGACCTCAGTG 
10 ACAGCTAAAACAGCAGCAGTCTTTTGGTGAATGAGAGTACCAAGGCGGGCCTTGTTCTT 
GACAATGGCATAAGGAACACCCATCTTCTTGCACAAAGCAGGCAAGAAAAGGACGAGTT 
CA^ t TGGGGTCGACATCGCTGGCAATGAGAACCAAGTTAGCCTTCTTGGCCTCAATGAGA 
GCTACAACATGGTTCAAACCATATTTAACATTGTAAGGCrTCTTAva^GACGTCTTGAGC 
AGACTTGCCGTTGGCAACAGCCTCGGCTTCAGCAACaAAACGTTGCTTCTTTTCAGCAG 
15 CAGTCTCAGGACGGTACTTGTTAAGCAACTrGAAGACCTGAQTAGCAGTGTTTTTGTCC 
AAAGTCTTCTG'GAJ^CTGAGCAATGGCAGGAGGAA.CCTTCAAACGCAAGTTCAAAATCT'? 
GCGACGGCGTTGAAGGCGGAXATACTCACsGCCACTXAACAAAACGGCTCAAGTCACGCT 
TAGGTTGGATGTCTTGTCCCCCGGGTAAAAGGAATGTCrCGCTTGCCAGTACTGCTAGG 
GTTTTTCC * , iAGGCC 
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<400> 1 
tttaacttag 


ttcgctttgt 


taaattggcc tcgaggtcga cgttaattaa gccgcaattg 


60 


taacagtaga 


ttttttgcat 


cattattaet ctccgaaaca tgactgaaca ctcatttaag 


120 


caaatagacg 


tgttttctaa 


taaaggtttt cgaggtaatc ctgttgcagt tttttttgat 


180 


gcagataatt 


tatcacaaaa 


ggaaatgcag cagattgcca agtggacaaa tttatctgag 


240 


acaacatttg 


ttcaaaagcc 


gacaatcgat aaagcagatt acagacttcg 


tatatttacc 


300 


ccagaatgtg 


aattaagctt 


tgctggtcac ccaacaattg gatcgtgctt 


tgctgttgtt 


360 


gaaagtggat 


attgtactcc 


aaaaaactgt aaaattattc aggaatgttt 


agccggttta 


420 


gttgaattaa 


ctatcgatgg 


ggaaaaggat gaagacactt ggatttcttt 


caaacttccg 


480 


tattacaaaa 


ttttacagac 


ttctgaaact gcaatttcag aagtagaaaa 


tgcattgggt 


540 


attcctctga 


attatagttc 


tcaagtttct cctcctgtgt taatagatga 


tggaccaaag 


600 


tggcttgtaa 


ttcaacttcx 


aaacgctaca gatgtgctca acctcgttcc 


gaaatttcag 


660 


tcxctttccc 


aagtttgtaa 


aaacaatgat tggataggcg tcacccgtct 


ttggtgaatt 


72.0 


agaaaagact 


cgtttgaaag 


cccgaagctt tgcgccttta atacatgtca 


atgaggatcc 


780 


ggcttgcggt 


agtggtgcag 


gagctgtcgg t.gtgtatatt ggaagctctc 


aaaaaactcc 


S40 


aacttctcta 


tcatttacga 


tttctcaagg tacaaaatta agtagacaag 


caatttccaa 


900 


agtxagcgta 


gacgtttcct 


ccaataaatc aattgctgtt tttgtcggtg gacaggcaaa 


960 


aacttgtatt 


tctggaaaat 


cgtttattta atgtttttat tacaaatatt 


cacttgcgag 


1020 


tttattttcc 


aatactgaag 


actttcaatc aatagcaaat atgctaetea 


aggaagttca 


1080 


etcattcaaa 


agcaattggt 


ttactatatc gttttttcta actagttaet agtcattgaa 


1140 


caatctaccg 


aatgataaaa 


tgaaattttg gtttttcccc gggtaaaagg aatgtctccc 


1200 


ttgccagtac 


tgctagggtt 


tttctttcga actataaga 
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<400> 2 
agtecgcttt 


gttaaattgg 


cctcgaggtc 


gacgttaatt 


aagcctgata 


tgatcgagct 


60 


tgtcgaaatg 


gaaatgcgtg 


agctactctc 


cgaatacgga 


tttgatggtg 


acaatactcc 


120 


aattgttagc 


ggcagtgctt 


tatgtgcctt 


agagggtcgt 


gagcctgaga 


ttggtctcaa 


180 


tag tat tact 


aaattgatgg 


aagctgttga 


tagttatatt 


actcttcctg 


aaagaaaaac 


240 


ggatgtccet 


ttcttgat.gg 


r.tategagga 


cgttttttca 


atttcaggtc 


gcggaactgt 


300 


agtcactggc 


cgtgtcgagc 


gcggtacttt 


aaagaagggt 


gctgaaatcg 


aaatcgtcgg 


360 


ttatggtagc 


catttaaaga 


ctaccgttac 


tggaattgaa 


atgttcaaaa 


agcagcttga 


420 


tgccgccgtt 


gccggtgaca 


attgtggcct 


tttacttcgt 


tctatcaagc 


gagagcaatt 


480 


aaaaegtgga 


atgattgtcg 


ctcaaccagg 


aaccgttgct 


cctcatcaga 


aattcaaggc 


S40 


atcattctat 


attttgacaa 


aagaggaagg 


aggtcgtcgt 


acccggtttc 


gttgacaagt 


600 


atcgtcccca 


actgtacagt 


ccgtacttcc 


gacgttactg 


tcgaacttac 


ccaccetgat 


660 


cctaacgact 


caacaaaatg 


gttatgcctg 


gagacaatgt 


cgagatgatc 


tgtacgctta 


720 


ttcaccccat 


tgtcatcgaa 


aaaggacaac 


gcttcacagt 


tcgtgagggt 


ggaagcactg 


780 


taggeacagc 


tttggttact 


gaacttttgg 


attagtgcat 


ttatgaactt 


attggcttta 


840 


aaaattttgc 


atgctgaata 


ccaatattat 


gtcccttctc 


agaattctat 


aactacagtg 


900 
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960 


ctactattgt 


tagccaaagt 


tataaaacaa 


ataataaaat 


aacgttgaat 


caaaaaaaaa 


1020 


aaaaaaaaaa 


gcggccgcgg 


atccccgggt 


aaaaggaatg 


tctcccttgc 


cagtactgct 


1080 


agggtttttc 


tttcaaacta 


tggga 
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<400> 3 
atttcagacg 


caattcacat 


ggcttttgac 


tgtattgcta 


ttcttgtcgg 


tttagttgct 


60 


acgacgcttg 


ccaagatgcc 


tctaaattat 


gcttacccct 


ttggatttgc 


aaaaattgag 


120 


gctctttcgg 


gtttcactaa 


tggtattttt 


ttagttttga 


tttcattttc 


tatcgtcggc 


ISO 


gaggcattat 


ataggttatt 


tcatccgccc 


caaatgaata 


ccgaccaatt 


gttgttggtt 


240 


agttttttgg 


gccttgttgt 


gaatttggta 


ggtatcctag 


cgttcaatea 


tgggcataat 


300 


catgatcatg 


ggtctcatca 


ccatcattcc 


catagtaatc 


atagtatgtg 


tctgeetaac 


360 


actacaaatg 


atataaatat 


ttttgaagag 


tttgaagaag 


aaaaagataa 


tgttgaagcc 


420 


cagaaaatgg 


gctatacgaa 


tgacgatcac 


gtatcccaac 


atgaacatac 


ccatgagaat 


480 


agtcaggaac 


atcaccatga 


gcataaccac 


aatcatgatc 


acatccataa 


atacaatgaa 


540 


aaatgcgacc 


atgaaagcat 


aagtctccag 


aatttagaca 


atgatcatca 


ctgtcatcat 


600 


caccatgaaa 


atcataatat 


gcatggcata 


tttctgeata 


ttatcgcaga 


tactatgggc 


660 
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tctgttggag ttattgtctc tactatatta atacagtggt tttcatggac cggttttgat 720 

ccttcggcat ctctaataat tgctgcatta atatttgttt ctgtacttcc attaattaaa 780 

gattcggcga agaatttgct ctctgtgact gatccagaat cggaatattt attgaagcag 840 

tgtttgtcga acatcagttt aagtcactcc gttgtcagtt tatccaaccc taagttctgg 900 

acaaacgaaa gaggtgaagt gtatggaata ctccatattc aggtgagcat agacggtgat 960 

ttaaacgtgg ttcgtaatga agtatttagg aagctctcaa tcgctgtacc aaatttaaaa 1020 

cacatttgta tacaatctga acggccaaac aattgctggt gtggaaaata gttcttacat 1080 

cagttgatat ccatacttat ttacgtgtaa ttttaattag atgaattaat attttcttta 1140 

ttagc 1145 

<210> 4 
<211> 906 
<212> DNA 

<213> fission yeast 
<400> 4 

tttactttag tcgctttgtt aaattggcct cgaggtcgac gttaattaag cttttttttt 60 

aagagatata acatatgtca acgcgtcatt gattaactac ataacacgcc aattataaac 120 

ttctcccaaa agaacttaag aatttccatt ttcaatccag atgaatttat ttaagagacg 180 

aacagtagcg gcagcagcct tagcacgctt agcgagcaaa gcttgggtct taccacccat 240 

gatacccacc accccactta cgacgggctt tcgtcgtact tagcagagaa gttagcatca 300 

acggcggaga caatagaagc gagttcgttc ttgtcttcct cacggacctc agtgacagct 360 . 

aaaacagcag cagtcttttg gtgaatgaca gtaccaaggc gggccttgtt cttgacaatg 420 

gcataaggaa cacccatctt cttgcacaaa gcaggcaaga aaacgacgag ttcaatgggg 480 

tcgacatcgc tggcaatgag aaccaactta gccttcttgg cctcaatgag agctacaaca 540 

tggttcaaac catatttaac attgtaaggc ttcttagaga cgtcttgagc agacttgccg 600 

ttggcaacag cctcggcttc ageaaccaaa cgttgcttct tttcagcagc agtctcagga 660 

cggtacttgt taagcaactt gaagacctga gtagcagtgt ttttgtccaa agtcttctgg 720 

aactgagcaa tggcaggagg aaccttcaaa cgcaagttca aaatcttgcg acggcgttga 780 

aggcggatat actcaggcca cttaacaaaa cggctcaagt cacgcttagg ttggatgtct 840 

tgtcccccgg gtaaaaggaa tgtctccctt gccagtactg ctagggtttt tcgtttgaat 900 

aaggcc 906 
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